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RECOMBINANT FIBROBLAST GROWTH FACTORS 

Cross-Reference to Related Application 

10 This j.s>a continuation-in-part of U.S. Serial 

No. 070,797, filed 7 July 1987, which is a continuation- 
in-part of U.S. Serial No. 050,706, filed 15 May 1987, 
which is a continuation-in-part of U.S. Serial No. 869,382 
filed 30 May 1986, which is a continuation-in-part of U.S. 

15 Serial No. 809,163, filed 16 December 1985, which is a 

continuation-in-part of U.S. Serial No. 775,521, filed 12 
September 1985. 

Technical Field 

20 The invention relates to recombinant production 

of growth factors important for constructing vascular 
systems in healing tissues and inhibiting abnormal 
persistent angiogenesis . In particular, analogs of genes 
encoding human basic and acidic fibroblast growth factors 

25 (FGF) are cloned and expressed. 

Background Art 

The process of healing when tissue is subjected 
to trauma, such as wounding or burns, is an extremely 

30 complex one, but it is known to be mediated by a number of 
protein factors. These factors are essential to the 
growth and differentiation of the cells which serve to 
replace the tissue destroyed. A number of candidate fac- 
tors have been identified on the basis of the ability of 

35 extracts from various tissues, such as brain, pituitary, 
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and hypothalamus, to stimulate the mitosis of cultured 
cells. Numerous shorthand names have been applied to the 
active factors in these extracts, including platelet- 
derived growth factor (PDGF), macrophage-derived growth 
5 factor (MDGF), epidermal growth factor ( EGF ) , tumor 

angiogenesis factor (TAF), endothelial cell growth factor 
(ECGF), fibroblast growth factor (FGF), hypothalamus- 
derived growth factor (HDGF), retina-derived growth factor 
(RDGF), and heparin-binding growth factor ( HGF ) . (See, 
10 for example, Hunt, T.K., J Trauma (1984) 24:S39-S49; Lobb, 
R.R., et al, Biochemistry (1984) 23:62 9 5-6 299). 



reported that one of the processes involved in wound heal- 
ing, the formation of blood vessels, is profoundly af- 

15 fected in tumors by heparin. From this and other studies, 
it is clear that heparin specifically binds to protein(s) 
associated with a number of these growth factor 
activities, and therefore heparin has been used as a 
purification tool. It has been shown that the affinity of 

20 some growth factors for heparin is independent of overall 
ionic charge, since both positively and negatively charged 
factors are bound (Maciag, T . , et al, Science (1984) 
225:932-935;^Shing, Y. , et al, Science (1984) 223: 1296- 
1299; Klagsbrun, M. , et al, Proc Natl Acad Sci { USA) 

25 (1985) 82^805-809). The capacity to bind or not to bind 
to heparin is one measure of differentiation between the 
activities in the various extracts. For example, EGF and 
PDGF do not bind strongly to heparin; in fact, EGF does 
not bind to heparin at all. The other factors above do 

30 show strong heparin binding. However, it is believed that 
acidic brain FGF, ECGF, RDGF, and HGF-alpha are in fact 
the same factor. Similarly, it is also believed that 
pituitary FGF, cationic brain FGF, TAF, and HGF- are the 
same protein. (Lobb, R.R., et al (supra)). A summary and 

35 comparison of thirteen endothelial growth factors which 
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have been purified using heparin affinity is found in 
Lobb, R., et al, J Biol Chem (1986) 261:1924-1928. 

Using heparin affinity chromatography, basic 
fibroblast growth factors exhibiting a potent mitogenic 
5 activity for capillary endothelium have been isolated from 
rat chondrosarcoma (Shing, Y., et al, supra) and from 
bovine cartilage (Sullivan, R. , et al, J Biol Chem (1985) 
2^0:2399-2403). Thomas, K.A, et al, Proc Natl Acad Sci 
(USA) (1984) 81:357-361, U.S. Patent 4,444,760, purified 
10 two heterogeneous forms of an acidic bovine brain 

fibroblast growth factor having molecular weights of 
16,600 and 16,800 daltons. Gospodarowicz and collabora- 
tors have shown the presence in both bovine brains and 
pituitaries of basic fibroblast growth factor activities 
15 and purified these proteins using heparin-af f inity 

chromatography in combination with other purification 
techniques (Bohlen, P., et al, Proc Natl Acad Sci (USA) 
(1984) 81:5364-5368; Gospodarowicz, D., et al (ibid) 6963- 
6967). These factors also have molecular weights of ap- 
20 proximately 16 kd, as does a similar factor isolated from 
human placenta (Gospodarowicz, D., et al, Biochem Biophys 
Res Comm (1985) 128:554-562). 

The complete sequence for basic FGF derived from 
bovine pituitary has been determined (Esch, F., et al, 
25 Proc Natl Acad Sci (USA) (1985) 82: 6507-6511). Homogene- 
ous preparations were obtained and showed potent mitogenic 
activity in in vitro assays with endothelial cells (basic 

FGF has an ED 5Q of 60 P^/™ 1 )* 

Acidic FGF has an ED 5Q of about 6,000 pg/ml. An 

30 N-terminal sequence for acidic FGF derived from bovine 
brain tissue was determined by Bohlen, P., et al, EMBO J 
(1985) 4:1951-1956. Gimenez-Gal lego , G., et al, 
determined the N-terminal sequences for both acidic and 
basic FGF prepared from human brain, and compared them to 

35 the bovine sequences ( Biochem Biophys R es Comm (1986) 
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135 : 54 1-548 ) . Their results are consistent with those 
disclosed herein. Also, the complete amino acid sequence 
of bovine brain-derived acidic FGF was determined from 
the isolated protein (Gimenez-Gallego, G. , et al, Science 
5 (1985) 230:1385-1388; Esch, F., et al, Biochem Biophys Res 
Comm (1985) 133 :554-562) . These two determinations are in 
agreement with the exception of a single amino acid. 
However, Esch et al later reported that their sequence is 
in agreement with that of Gimenez-Gallego et al . The 

10 complete amino acid sequence of human acidic FGF was 
deduced from the gene (Jaye, M. , et al, Science (1986) 
233 :541-545 and the complete human protein sequence was 
also determined by Gimenez-Gallego, G., et al, Biochem 
Biophys Res Comm (1986) 138:611-617 and Harper, J.W., et 

15 al, Biochem (1986) 25:4 097-4103). 



growth factors are clearly effective in promoting the 
healing of tissue subjected to trauma (see, e.g., Sporn, 
M.B., et al, Science (1983) 219:1329-1331; Davidson, J.M., 

20 et al, J.C.B. (1985) 100:1219-1227; Thomas, K.A., et al, 
Proc Natl Acad Sci (USA) (1985) 82:6409-6413). Davidson, 
et al, (supra) specifically discloses the efficacy of FGF 
in wound healing. The basic FGF native proteins have been 
alleged to be useful in treatment of myocardial infarction 

25 (Svet-Moldavsky, G.J., et al, Lancet (April 23, 1977) 913; 
U.S. Patents 4,296,100 and 4,378,347). In addition, human 
basic FGF has been found to increase neuronal survival and 
neurite extension in fetal rat hippocampal neurons 
(Walicke, P., et al, Proc Natl Acad Sci (USA) (1986) 

30 83:3012-3016), suggesting that this factor may also be 

useful in the treatment of degenerative neurological dis- 
orders, such as Alzheimer's disease and Parkinson's 
disease . 



35 fective means to promote the repair of traumatized tissue 



The FGF proteins described above and other 



The FGF proteins described above provide an ef- 
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as a result of wounding, surgery, burns, fractures or 
neurological degeneration. However, data is accumulating 
regarding certain properties of these growth factors which 
suggests that agonists of FGF may be more therapeutically 
5 effective than the native FGF proteins for tissue repair, 
and in certain circumstances that FGF antagonists may also 
be useful therapeutically. 

For example, agonists of FGF which have greater 
biological activity as compared to native FGF would be 

10 more desirable for use in the wound healing indications 

described above. In contrast, antagonists of FGF would be 
extremely useful in therapies where neovascularization is 
a dominant pathology and it would be therapeutically use- 
ful to inhibit the process of angiogenesis . Therefore, it 

15 would also be desirable to construct FGF analogs which 
antagonize the effects of native FGF thereby inhibiting 
angiogenesis . 

It is considered desirable to provide modifica- 
tions to the native FGF DNA sequences reported for these 

20 growth factors in order to isolate the regions of the 

protein responsible for the distinct biological activities 
or regions important in the interactions of the factor 
with the cellular environment. Having determined the ap- 
propriate region or site of the specific interaction, 

25 structural analogs can be created which preserve certain 
activities, e.g. wound healing activity, while reducing or 
eliminating undesirable functions, such as the sequestra- 
tion of FGF in the extracellular matrix. 

It would also be desirable to insure the avail- 

30 ability of these FGF protein analogs in large quantities 
and in a form free from any toxic or infectious impuri- 
ties. The human form of the protein is preferred, and 
perhaps required, for therapeutic use. Since the DNA 
sequences encoding the proteins for both human acidic and 

35 basic FGF have been cloned and expressed by recombinant 
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DNA techniques, site-directed mutagenesis may be employed 
to produce a variety of acidic and basic FGF analogs. The 
invention herein provides the means whereby acidic and 
basic FGF analogs can be obtained in practical quantities 
5 and in pure, uncontaminated form. 

Disclosure of the Invention 

The invention provides the tools for synthesis 
and manipulation of fibroblast growth factor analogs use- 

10 ful in effecting accelerated healing of wounds, bone 
fractures, burn tissue, damaged myocardial tissue, 
degenerated neurological tissue, or other trauma. Concur- 
rently, fibroblast growth factor antagonists, such as 
angiogenesis inhibitors, which would be useful for treat- 

15 ment of diseases common to ophthalmology, dermatology and 
rheumatology where neovascularization is a dominant 
pathology, and in certain neoplasms that include, but are 
not limited to, the most highly angiogenic, such as brain 
tumors, are also provided. Cloning and expression of the 

20 genes encoding these analogs are provided by the methods 
and materials of the invention. 

In one aspect, the invention relates to re- 
combinant DNA sequences encoding analogs of human acidic 
and basic FGF (human aFGF and human bFGF) . In other 

25 aspects, the invention relates to recombinant vectors 
bearing these DNA sequences, to host cells transformed 
with such vectors and harboring these DNA sequences, and 
to the recombinant proteins produced by these transformed 
cells. In yet other aspects, the invention relates to 

30 methods of producing these fibroblast growth factor 
analogs using recombinant techniques. 



35 
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Brief Description of the Drawings 
J^jX^ Fibres 1 and 2 show the native DNA sequences 

encoding, andNthe deduced amino acid sequences of, human 
basic FGF and acidic FGF, respectively. 
5 FigureX 3 shows a comparison of the amino acid 

sequences for hunmn acidic and basic FGF and the various 
regions targeted fbr alteration, including potential 
heparin-binding domains and receptor-binding regions . 

Figure 4 sViows the construction of a synthetic 
10 tryptophan operon promoter and operator regulatory 

sequence, and a restriction site map of plasmid pTRP-233. 

Figure 5 is a flow chart of the construction of 
plasmid pUC9delH3-pTSF-3 . 

Figure 6 is an illustration of the procedure 
15 used to insert any of the FGF analog gene sequences into 
the expression vector pUC9delH3-pTSF-3 . 

Figure 7 shows the results of wild type bFGF as 
compared to the double cysteine substituted FGF analog, 
bFGF-C78/96S , using a high performance liquid chroma- 
20 tography (HPLC) heparin affinity column. Figure 7 shows 
the elution of 10 ug of reduced (Fig. 7a) and nonreduced 
(Fig. 7b) bFGF-C78/96S from a heparin HPLC column 
developed with a NaCl gradient (0.6 M-3.0 M) . A similar 
experiment using purified wild type bFGF under redu6ed 
25 (Fig. 7c) and nonreduced (Fig. 7d) conditions is provided 
for comparison. 

Modes of Carrying Out the Invention 
A. The Fibroblast Growth Factors 

30 Two different bovine (and analogous human) 

fibroblast growth factors have been purified to homogene- 
ity by others and partially or completely sequenced. Both 
factors are capable of mitogenic activity in in vitro as- 
says using cultured cells, such as bovine brain and 

35 adrenal cortex-derived capillary endothelial cells, human 
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umbilical vein endothelial cells, bovine adrenal cortex 
steroidogenic cells, granulosa cells, and vascular smooth 
muscle cells. In vitro assays employing these cell 
cultures have been described by Gospodarowicz , D., et al, 
5 J Cell Physiol (1985) 122:323-332; and Gospodarowicz, D., 
et al, J Cell Biol (1983) 97:1677-1685. More recently, 
alternative in vitro assays have been described by Esch et 
al, Proc Natl Acad Sci (USA ) ( 1985 ) 82.: 6507-65 11 ; and by 
Gospodarowicz, D . , et al, J Cell Physiol (1986) 127.: 121- 

10 136. Purified bovine basic FGF has been shown to be 

angiogenic in vivo in a chicken chorioallantoic membrane 
assay. (Gospodarowicz, D. in Hormonal Proteins and 
Peptides XII : 205-230 (Academic Press). Purified bovine 
acidic FGF has been shown to be angiogenic in vivo in the 

15 same assay (Thomas, K.A., et al, Proc Natl Acad Sci 
(supra) ) . 

Bovine pituitary basic FGF has been completely 
sequenced by Esch, Proc Natl Acad Sci USA (supra); the 
human sequence is shown in Figure 1. The reported primary 

20 sequence contains 146 amino acids, beginning with the 

proline residue numbered 1 0 in Figure 1; the N-terminal 
portion of this sequence is in agreement with the sequence 
previously reported for the N-terminus of the native 
bovine protein by Bohlen et al, Proc Natl Acad Sci USA 

25 (supra). A higher molecular weight human basic FGF has 

been reported from the human hepatoma cell line, SK-HEP-1, 
by Sullivan, R.J., et al, J Cell Biol (1985) 101:108a; by 
Klagsbrun, M. , et al, Proc Natl Acad Sci USA (1986) 
83^2448-2452; and by Klagsbrun, M. et al, Proc Natl Acad 

30 Sci USA (1987) 84:1839-184 3. -Longer forms of FGF have 
been reported by Sommer, A., et al, Biochem Biophys Res 
Comm (1987) 144 : 543 (human placental tissue) as well as 
from pituitary and human prostatic tissue reported by 
Uneo, et al, Biochem Biophys Res Comm (1986) 138 :580-588 

35 and Story, et al, Biochem Biophys Res Comm (1987) 142 :702- 
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709, respectively. Translation of the upstream sequences 
of Figure 1 back to a potential ATG translation start 
codon in human basic FGF DNA shows that it is likely that 
an additional form of the protein containing the amino 
5 acids upstream of the proline shown as residue 10 in 

Figure 1 is also produced. The ATG codon lies nine codons 
upstream from the codon for the proline residue. It is 
reasonably certain that if the methionine encoded by this 
ATG serves as the initiating methionine, then it will be 

10 processed off when the gene is expressed in eucaryotic 
systems. Such processing may or may not occur when the 
gene is expressed recombinantly in bacterial systems. 
Thus, the "long" form of the protein expressed in bacteria 
contains an additional 8 or 9 amino acid sequence at the 

15 N-terminus, for a total of 154 or 155 amino acids. All of 
the investigative groups have also shown that much of this 
extended FGF is blocked at the N-terminus. 

Proteins having FGF activity in the above- 
mentioned in vitro assays and sharing a similar putative 

20 N-terminal sequence with the bovine pituitary basic FGF 
(the 146 amino acid form) have also been isolated from 
bovine brain, adrenal gland, retina, and from human 
placenta. The native protein obtained from certain of 
these tissues is heterogeneous -- a second form missing 

25 the putative fifteen N-terminal amino acids retains activ- 
ity. (Gospodarowicz, D., Meth Enz (1987) 147A: 106-1 19 . ) 
It is considered, therefore, that bovine and human basic 
FGFs exist in at least three forms, a mature form starting 
at amino acid 10 in Figure 1 (a proline), longer forms 

30 containing eight additional amino acids at the N-terminus, 
and shorter forms lacking fifteen amino acids of the puta- 
tive mature sequences shown. Thus, there is believed to 
be natively produced "long" basic FGF containing 154 or 
155 amino acids (Abraham, J. A., et al, EMBO J (1986) 

35 5:2523-2528), "primary" basic FGF containing 146 amino 
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acids, and "short" basic FGF containing 131 amino acids. 
It is also possible that forms extending even further 
upstream exist. These FGFs are designated "basic" FGF, 
because they contain a high number of basic amino acid 
5 residues (lysine, arginine, histidine) and are therefore 
cations at neutral pH. 

A protein is defined herein as basic FGF (also 
referred to as bFGF) if it shows FGF activity in the fore- 
going assays, binds to heparin, is a cation at neutral pH, 

10 and reacts immunologically with antibodies prepared using 
a synthetic analog of the amino terminal sequence [tyr ] 
FGF (1-10) conjugated to bovine serum albumin (if ap- 
propriate) or to other antibodies raised against bovine 
(or human) FGF or synthetic or native peptides thereof. 

15 See Baird, A., et al, Regulatory Peptides (1985) 10:309- 
317. 

Acidic FGF has been isolated from bovine and 
human brain by others, and the complete coding sequence 
for human acidic FGF was determined and is shown in 
20 Figure 2. 

The acidic protein also has three known active 
forms, one having the 140 amino acid sequence beginning at 
the phenylalanine residue numbered "16" in the figure, and 
a second shorter form corresponding to amino acids 22-155, 

25 and an N-terminal extended form corresponding to 2-155 
(blocked by acetylation) Burgess, et al, Proc Natl Acad 
Sci USA ( 1986) 8_3:7216. These proteins contain a dis- 
proportionate number of acidic amino acid residues, i.e., 
glutamic and aspartic acids and the proteins are therefore 

30 anions at neutral pH. 

A protein is defined herein as acidic FGF (also 
referred to herein as aFGF) if it shows FGF activity in in 
vitro assays, binds to heparin, is an anion at neutral pH, 
and is immunologically reactive with antibodies prepared 

35 
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against human or bovine acidic FGF or against synthetic or 
native peptides thereof. 

Acidic FGF and basic FGF are thus used herein to 
designate the foregoing proteins or proteins having amino 
5 acid sequences represented by those shown in Figures 1 and 
2. Of course, these definitions are not restricted to the 
specific sequences shown, but include analog proteins 
which contain accidentally or deliberately induced 
alterations, such as deletions, additions, extensions, or 

10 exchanges of amino acid residues, so long as the biologi- 
cal activity of the FGF agonists, as measured by the fore- 
going in vitro assay and immunological cross-reactivity 
assay, is retained. Analogs of FGF with antagonist activ- 
ity will, of course, have altered activity and specific- 

15 ity. 

The various FGF analogs described herein contain 
deliberately induced alterations formed by directed 
mutagenesis techniques. These analogs retain the general 
secondary structure of FGF but have been mutated so as to 

20 produce various antagonist and agonist forms of FGF. 

In designing such analogs, Shing et al ( Science 
(1984) 223 : 1269-1299) have demonstrated in vitro that 
basic FGF binds tightly to heparin and Maciag, T., et al, 
Science (1984) 225 :932 have reported that acidic FGF also 

25 binds heparin. Thus it is likely that heparin, heparan 

sulfate, heparin-like glycosaminoglycans , and heparan-like 
glycosaminoglycans, which are present in the extracellular 
environment, including the extracellular matrix, may bind 
FGF in vivo . Since basic FGF binds in the extracellular 

30 matrix produced by vascular and capillary endothelial 

cells in vitro (Baird and Ling, Biochem Biophys Res Co mm 
(1987) 142 : 428-435), it follows that analogs of basic FGF 
with reduced heparin binding ability will have enhanced 
potency, as more FGF will reach its targeted receptor and 

35 will not be sequestered by heparin and heparin-like 
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compounds in the extracellular environment. These analogs 
will be more useful therapeutically as lower dosages of 
the particular analog will be required per treatment. 

Baird et al ( Rec Prog Horm Res (1986) 42 : 143- 
5 205) have recently speculated on the regions of basic FGF, 
residues 26-31 and residues 115-120 illustrated in Figure 
3, which might mediate the binding to heparin. The abil- 
ity of clustered basic residues, possibly in conjunction 
with aromatic residues, to mediate heparin binding has 

10 been described previously with respect to other proteins 

(Schwarzbauer et al, Cell (1983) 35:421-431; Cardin et al, 
Biochem Biophys Res Comm (1986) 134 :783-789) . Mutations 
created in bFGF, as described herein, replace positively 
charged amino acids within those targeted regions with 

15 neutral or negatively charged residues, with consideration 
given towards minimizing change in secondary structure of 
the molecule (e.g., alpha helix, beta sheet, turn motifs). 
In contrast to the putative heparin binding domains 
identified above, which do not appear to be the main 

20 functional heparin binding domains in the present studies, 
a third region of bFGF including residues 128-138 which 
contains a clustering of basic residues, was targeted as a 
potential heparin binding domain. Preferred mutations 
targeting the heparin binding domains include bFGF-K128S, 

25 bFGF-K128E , bFGF-R129T, bFGF-K134S , bFGF-K138S, and K128S/ 
R129T. Substitutions of a basic or positively charged 
residue with a negatively charged residue such as glutamic 
acid are preferred. 

Analogs of bFGF are defined as: bFGF-XYZ where 

30 X is the amino acid in the native human bFGF sequence that 
is being mutated, Y is the position of amino acid X, and Z 
is the amino acid residue that is being substituted for X 
at position Y. 

Mutations of bFGF which are found to decrease or 

35 eliminate heparin binding can also be combined with other 
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mutations found to result in the formation of analogs with 
either agonist or antagonist activity. 

It is also within the skill of the art to create 
additional FGF analogs following the teaching provided 
5 herein, wherein those residues important for heparin bind- 
ing are changed to other neutral amino acids (e.g., 
serine, alanine, glycine, etc . ) , or negatively charged 
amino acids (e.g., glutamic acid, aspartic acid), or 
deleted in order to reduce heparin binding activity as 

10 tested by HPLC heparin-af f inity analysis as described 
herein. Analogs of the acidic form of FGF can be 
constructed as described above by deleting positively 
charged amino acids or by replacing positively charged 
amino acids within the corresponding heparin-binding 

15 domains (23-27, 115-120, 127-137) with neutral or 
negatively charged amino acids. 

It has been found that bacterially-produced re- 
combinant proteins can be difficult to recover in an ac- 
tive form. For example, it is known that cysteine- 

20 containing proteins produced in bacteria often form in- 
correct intramolecular cysteines which can inhibit bio- 
logical function (see human interleukin-2 ; Wang et al, 
Science (1984) 224 : 1431-1433 and human fibroblast 
interferon; Mark et al, Proc Natl Acad Sci ( USA ) (1984) 

25 81: 5662-5666). Modifications of one or more of the 

cysteine residues present in the native FGF proteins may 
minimize incorrect disulfide bridge formation, eliminate 
the need for use of reducing agents to stabilize the FGF 
protein, and hence reduce multimerization or incorrect 

30 disulfide bonds thereby increasing the recoverable yield 
of the recombinantly produced analog, increasing the 
uniformity of the FGF preparation by maintaining it over 
time in a monomeric form, improving its shelf stability 
and reducing its half life when applied to wounds. Un- 

35 
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expectedly, these analogs have been shown to have 
augmented biological activity. 

Generally, the above modifications at cysteine 
residues are conducted by changing a single nucleotide 
5 within the codon specifying a particular cysteine, cor- 
responding to an amino acid substitution in the resulting 
protein. Cysteine residues occur in the basic form of FGF 
at positions 34, 78, 96, and 101, and occur in the acidic 
form at positions 31, 98, and 132. Since the disulfide 

10 structure of native FGF is not known, both single and 
multiple cysteine substitutions of FGF are exemplified 
herein. While these modifications produce a change in the 
primary structure of the protein analog, preferred analogs 
will generally retain the ability to effect cellular 

15 responses normally induced by FGF, unless the cysteine- 
substituted analogs are combined with other antagonist 
changes . 

These same cysteine substitutions can be made in 
combination with other analog substitutions, such as the 

20 aforementioned heparin-binding mutants, to produce yet 

additional illustrative FGF analogs. Correspondingly, any 
of the aforementioned FGF analogs can be modified to 
contain one or more of the amino acid substitutions 
described below to produce a desired analog. 

25 Antagonists of bFGF activity would have clinical 

applications in a variety of pathologies related to ab- 
normal persistant angiogenesis (Folkman, J. and Klagsbrun, 
M. , Science ( 1987) 2^35:442-447 ) including diabetic 
retinopathy, retrolental fibroplasia, neovascular 

30 glaucoma, rheumatoid arthritis, hemangiomas, 

angiofibromas, psoriasis, atherosclerosis and as 
contraceptives. In addition, it has been shown that 
certain solid tumors require neovascularization in order 
to sustain growth. Given the important role FGF plays in 

35 the process of angiogenesis, it is clear that analogs of 
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FGF which are capable of inhibiting its effect would be 
useful in treating these diseases therapeutically. Thus, 
analogs which bind the FGF receptor yet do not elicit a 
biological response or that demonstrate a reduced biologi- 
5 cal response will exhibit useful antagonist properties. 

The ability to elaborate a specific cell surface 
receptor for basic FGF has been described in a variety of 
cell types including baby hamster kidney cells (Neufeld 
and Gospodarowicz, J Biol Chem (1985) 260 : 13860-13868 ) , 

10 bovine epithelial lens cells (Moenner, et al. Proc Natl 
Acad Sci ( USA ) (1986) 83:5024-5028), Swiss 3T3 and a 
murine skeletal muscle cell line (Olwin and Hauschka, Bio- 
chemistry ( 1986 ) 2^5 : 3487-3492) and Swiss 3T3 and aortic 
endothelial cells (Huang et al, J Biol Chem (1986) 

15 261 :11600-11607 ) . In addition binding studies have sug- 
gested that both the basic and acidic forms of FGF can 
bind to the same high affinity receptor (Olwin and 
Hauschka, supra , and Neufeld and Gospodarowicz, J Biol 
Chem (1986) 261:5631-5637). 

20 The interaction of a hormone (e.g., bFGF) with 

its receptor results in a tight, specific molecular as- 
sociation. This association may involve any or all of the 
known intermolecular attractive forces such as ion pairing 
or van der Waals forces. The specificity and the stabil- 

25 ity of the association are due to what may be thought of 
as "exactness of fit" (the precise three-dimensional 
molecular conformations of the two proteins, receptor and 
hormone) and "tightness of fit" (the fact that these 
molecular structures are composed of precise amino acid 

30 sequences which therefore results in specific 

intermolecular attractions due to energetically favorable 
juxtaposition of amino acid side chains). Thus, amino 
acid substitutions, deletions and insertions within recep- 
tor binding regions may effect either molecular conforma- 

35 tion of the region or amino acid side chain interactions 
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( between hormone and receptor) or both. Changes which 
stabilize favorable conformation or enhance amino acid 
side chain interactions will result in increased receptor 
affinity while those which destabilize favorable conforma- 
5 tion or decrease amino acid side chain interactions will 
result in decreased receptor affinity. The former changes 
are useful in themselves as their introduction into 
agonists may result in more potent agonists and their 
introduction into antagonists may result in more potent 

10 antagonists. The latter changes are useful in terms of 
defining amino acid segments crucial to receptor binding. 

Schubert et al f J Cell Biol (1987) 104:635-643) 
have shown that synthetic peptides containing fragments of 
bFGF (residues 33-77 and 112-129 numbered according to 

15 Fig. 3) inhibit binding of bFGF to its receptor. 

Therefore, these regions appear to contain FGF receptor 
binding sequences. We have introduced amino acid 
substitutions into human basic FGF within these putative 
receptor binding regions and additional regions adjacent 

20 to the latter (e.g., amino acids 99-111 which exhibit 
strong homology to the equivalent amino acid sequence 
region in acidic FGF). Both charged (positive and 
negative) and aromatic amino acids were targeted for 
replacement with neutral residues. These substitutions 

25 were made with consideration given towards minimizing 
changes in the secondary structure of the resultant 
protein. Accordingly, the analogs D99A and R116T appear 
to exhibit increased receptor affinity and 3T3 mitogenic 
activity, respectively, whereas analogs E105S and Y112A 

30 exhibit decreased receptor binding (see Table 3 herein). 

For purposes of the present invention the fol- 
lowing terms are defined below. 

"Agonist" refers to an FGF analog capable of 
combining with the FGF receptor and producing a typical 

35 biological response. For- example, an FGF agonist might be 
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a protein than can bind to the FGF receptor but has 
reduced ability to bind heparin, thereby creating a more 
potent therapeutic. 

"Antagonist" refers to an FGF analog that op- 
5 poses the effects of FGF by a competitive mechanism for 
the same receptor sites. The antagonist has reduced abil- 
ity to induce secondary biological responses normally as- 
sociated with FGF. 

"Site-specific mutagenesis" or "directed 

10 mutagenesis" refers to the use of the oligonucleotide- 
directed mutagenesis procedure , which entails using a 
synthetic oligonucleotide primer that is complementary to 
the region of the bFGF gene at the specific codon or 
codons to be altered, but which contains single or 

15 multiple base changes in that codon. By this technique, a 
designer gene may be produced that results in a specific 
amino acid being replaced with any other amino acid of 
choice. When deletion is desired the oligonucleotide 
primer lacks the specific codon. Conversion of, for 

20 example, a specific cysteine, to neutral amino acids such 
as glycine, valine, alanine, leucine, isoleucine, 
tyrosine, phenylalanine, histidine, tryptophan, serine, 
threonine or methionine is a preferred approach. Serine 
and alanine are the most preferred replacements because of 

25 their chemical analogy to cysteine. When a cysteine is 
deleted, the mature analog is one amino acid shorter than 
the native parent protein or the microbially produced wild 
type bFGF. 

"Purified" or "pure" refers to material which is 
30 free from substances which normally accompany it as found 
in its native state. Thus "pure" acidic human FGF (hFGF), 
for example, refers to acidic hFGF which does not contain 
materials normally associated with its in situ environment 
in human brain or pituitary. Of course, "pure" acidic 

35 
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hFGF may include materials in covalent association with 
it, such as glycoside residues. 

"Operably linked" refers to a juxtaposition 
wherein the components are configured so as to perform 
5 their usual function. Thus, control sequences or promot- 
ers operably linked to a coding sequence are capable of 
effecting the expression of the coding sequence. 

"Control sequence" refers to a DNA sequence or 
sequences which are capable, when properly ligated to a 

10 desired coding sequence, of affecting its expression in 
hosts compatible with such sequences. Such control 
sequences include at least promoters in both procaryotic 
and eucaryotic hosts, and optionally, transcription 
termination signals. Additional factors necessary or 

15 helpful in effecting expression may also be identified. 
As used herein, "control sequences" simply refers to 
whatever DNA sequence may be required to effect expression 
in the particular host used. 

"Cells" or "cell cultures" or "recombinant host 

20 cells" or "host cells" are often used interchangeably as 
will be clear from the context. These terms include the 
immediate subject cell, and, of course, the progeny 
thereof. It is understood that not all progeny are 
exactly identical to the parental cell, due to chance 

25 mutations or differences in environment. However, such 
altered progeny are included in these terms, so long as 
the progeny retain the desired characteristics conferred 
on the originally transformed cell. In the present case, 
for example, such a characteristic might be the ability to 

30 produce recombinant FGF analogs. 



35 
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B . General Description 

Utility and Administration 

The invention provides DNAs encoding growth fac- 
5 tor protein analogs which have two diverse applications. 
The first application is similar to FGF in that the 
analogs augment tissue repair by encouraging 
vascularization and/or cell growth or cell survival. 
These purified growth factors are generally applied 

10 topically to the traumatized or diseased tissue in order 
to stimulate vascularization, regeneration, and healing. 
Appropriate substrates are burns, wounds, bone fractures, 
surgical abrasions such as those of plastic surgery, or 
others requiring repair. Because application of these 

15 factors accelerates healing, they also reduce the risk of 
infection . 

Indications wherein FGF is of value in encourag- 
ing neovascularization include musculo-skeletal conditions 
such as bone fractures, ligament and tendon repair, 

20 tendonitis, and bursitis; skin conditions such as burns, 

cuts, lacerations, bed sores, and slow-healing ulcers such 
as those seen in diabetics; and in tissue repair during 
ischaemia and myocardial infarction. 

In addition to analogs which augment wound heal- 

25 ing, analogs of FGF can be constructed which inhibit 

angiogenesis . Analogs of FGF which can antagonize the FGF 
angiogenesis activity would be clinically useful for 
treating certain diseases where neovascularization is the 
dominant pathology, such as retinopathies of the eye 

30 including diabetic retinopathy and neovascular glaucoma; 
skin disorders including psoriasis and retrolental 
fibroplasia; chronic inflammation; rheumatoid arthritis; 
atherosclerosis; and certain neoplasms that are highly 
angiogenic, such as the growth of certain benign and 

35 
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malignant tumors such as hemangiomas and angiofibromas, 
and solid tumors. 

Formulations of the recombinantly produced 
growth factors using available excipients and carriers are 
5 prepared according to standard methods known to those in 
the art. The proteins can be formulated as eyedrops, lo- 
tions, gels, powder, dressing, as part of a controlled 
release system, or ointments with additional active 
ingredients, such as antibiotics, if desired. 

10 For topical administration, which is the most 

appropriate with regard to superficial lesions, standard 
topical formulations are employed using, for example, 
10 ng/ml-100 mg/ml solutions; the preferred range is 10 
ug/ml-10 mg/ml. Such solutions would be applied up to 6 

15 times a day to the affected area. In certain applica- 
tions, such as burns, a single dose would be preferred. 
In other applications, such as ulcers, multiple doses may 
be preferred. The concentration of the ointment or other 
formulation depends, of course, on the severity of the 

20 wound or stage of disease and the nature of the subject. 

In most protocols, the dose is lowered with time to lessen 
likelihood of scarring. For example, the most severe 
wounds, such as third degree burns, are typically treated 
with a 100 ug/ml composition, but as healing begins, the 

25 dose is progressively dropped to approximately 10 ug/ml or 
lower, as the wound heals. A topical formulation for EGF 
using BSA as carrier was disclosed by Franklin, J.D., et 
al, Plastic and Reconstruc Surg (1979) 64:766-770. 

For treatment of pathologies related to persist- 

30 ent angiogenesis wherein FGF inhibitors are to be applied, 
the concentration of the formulation is generally 10-fold 
higher, regardless of the mode of administration. The 
higher dosage assures that the FGF inhibitor is able to 
compete effectively with endogenously produced FGF. Thus 

35 for topical administration of the FGF inhibitor used to 
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treat psoriasis and retrolental fibroplasia, the dosage 
would be increased 10-fold. 

For arthritis and bone and tissue repair, 
administration is preferred locally by means of subcutane- 
5 ous implant, staples or slow release formulation implanted 
directly proximal the target. Surgery may be required for 
such conditions as bone injuries, thus making implantation 
directly practical. Slow-release forms can be formulated 
in polymers, such as Hydron (Langer, R. , et al, Nature 

10 (1976) 26_3 : 797-799) or Elvax 40P (Dupont) (Murray, J.B., 
et al, In Vitro ( 1983 ) 19.: 74 3-747 ) . Other sustained- 
release systems have been suggested by Hsieh, D.S.T., et 
al, J Pharm Sci (1983) 72:17-22), and a formulation 
specifically for epidermal growth factor, but not 

15 preferred in the present invention, is suggested by 

Buckley, A., Proc Natl Acad Sci (USA ) ( 1985) 82_:7340- 
7344 . 

As with topical administration, for sustained 
release delivery, the concentration of FGF in the formula- 

20 tion depends on a number of factors, including the sever- 
ity of the condition, the stability of FGF at 37°C, the 
rate of FGF release from the polymer, and the agonist or 
antagonist nature of the FGF analog. In general, the 
formulations are constructed so as to achieve a constant 

25 local concentration of about 100 times the serum level of 
factor or 10 times the tissue concentration, as described 
by Buckley et al ( Proc Natl Acad Sci (USA ) (supra)). 
Based on an FGF concentration in tissue of 5-50 ng/g wet 
weight (comparable to EGF at 60 ng/g wet weight), release 

30 of 50-5000 ng FGF per hour is- acceptable. The initial 
concentration, of course, depends on the severity of the 
wound or advancement of pathology. 

For treatment in diseases common to ophthalmol- 
ogy, such as retinopathies and neovascular glaucoma, 

35 eyedrop formulation or direct injection into the eye would 
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be two preferred routes of administration. Liquid 
formulations for these applications are generally known in 
the art and include formulation in buffer or physiological 
saline, or other appropriate excipient. Dosage levels may 
5 be supplied between 1 ug/ml and 10 mg/ml from two to four 
times a day. 

It is expected that FGF may act in concert, and 
even synergistically , with other growth factors such as 
epidermal growth factor (EGF), the transforming growth 

10 factors (TGF-alpha or TGF- ) , insulin-like growth factors 
(IGF-1 and IGF-2 ) , and/or platelet-derived growth factor 
(PDGF). In addition, specifically for bone repair, it may 
act in synergy with agonists or antagonists of parathyroid 
hormone or calcitonin, since these compounds promote bone 

15 growth and resorption. Therefore, also included within 
the compositions and administration protocols of the 
invention are embodiments wherein the FGF of the invention 
is administered in the same composition with, or in the 
same protocol with, one or more of the foregoing factors, 

20 thus more effectively to achieve the desired tissue 
repair . 

Since FGF is effective in promoting neurite 
outgrowth, nerve regeneration, and neuronal survival, it 
may be useful for treatment of certain neurological dis- 

25 orders such as Alzheimer's and Parkinson's diseases, 
amyotrophic lateral sclerosis, stroke, peripheral 
neuropathies, and general aging of the nervous system, as 
well as traumatic injury to the spinal cord and peripheral 
nerves. Administration of the drug for these indications 

30 is preferably by implant in formulations similar to those 
set forth above in connection with rheumatoid arthritis 
and bone healing. The drug may also be delivered by means 
of implants of cell cultures by means of implants of cell 
cultures which produce FGF. Treatment of neurological 

35 disorders may also involve transplantation of new cells or 
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tissues to functionally replace damaged neural tissue 
(e.g., adrenal and fetal brain tissue transplants in 
Parkinsonian patients). In such cases, the degree of suc- 
cess of transplantation as well as the degree of function 
5 of the transplanted tissue are enhanced by treating the 
cell cultures or tissue explants with the FGF or analog 
preparations of the invention prior to transplantation 
and/or by administration of FGF or FGF analogs of the 
invention following transplantation. 

10 FGF and analogs thereof may also be injected 

directly into the spinal fluid or into the brain by means 
of canulation or by administration using osmotic minipumps 
or they may be applied systemically . For atherosclerosis 
peripheral neuropathies and the like, and tumor 

15 angiogenesis , systemic administration is preferred, with 
administration of the drug delivered initially at the time 
of surgery, where appropriate. 



in the art and include formulation in buffer or physio- 
20 logical saline, or other appropriate excipient. Dosage 
levels for FGF agonist administration are approximately 
those of wound healing; however, for tissue culture, 
explant maintenance, atherosclerosis or tumor 
angiogenesis, it may be supplied at 1.0 - 100 ng/ml of 
25 serum or culture medium. 



stimuli, such as those provided by the FGF proteins 
discussed herein, result in the release of plasminogen 
activator (PA) and of collagenase in vitro (Gross, J.L., 

30 et al, Proc Natl Acad Sci (USA ) (1983) 8_0:2623- 2627 ). 

Therefore, the FGF proteins of the invention are also use- 
ful in treatment of conditions which respond to these 
enzymes. While it may be necessary in acute situations 
(such as the presence of a blood clot associated with 

35 stroke or heart attack) directly to administer large doses 



Systemic formulations are generally as are known 



In addition, it has been shown that angiogenic 
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35 



of PA to dissolve the clot, for treatment of chronic 
propensity to form embolisms, administration of FGF to 
maintain a suitable level of PA in the blood stream may be 
desirable- Therefore, for this indication, systemic 
administration of the drug, especially an analog with 
reduced heparin-binding ability, using conventional means 
such as intramuscular or intravenous injection, is 
preferred . 

The invention provides practical quantities of 
pure FGF analogs for use in connection with the foregoing 
indications. Specific growth factors are exemplified 
herein, each of which is apparently active in at least 
three forms. Both acidic and basic analogs are considered 
to occur in long, primary, and short forms, as described 
above. It is considered that the N-terminal methionine of 
the long forms is processed off when the protein is 
produced in eucaryotic systems, and that the subsequent 
amino acid residue is derivatized, probably by 
acetylation, post-translation. 

While FGF in its various forms does not have a 
recognized signal sequence, it must somehow be secreted or 
retrieved from the cell, since it acts outside the cells 
producing it at a membrane-bound receptor. Therefore, 
while it may not be secreted by the recognized constitu- 
tive secretion pathway, its secretion is accomplished by 
some means, for example by cell lysis or by exocytosis, by 
association with a glycosaminoglycan, such as heparan 
sulfate or heparin. For most tissues from which FGF is 
naturally derived, and for many mammalian expression 
systems, such release may be achieved by securing 
exocytosis with a calcium ionophore, such as the commonly 
employed A23187 ( CalBiochem) , which, in in vitro condi- 
tions, is added to the culture medium at 1-10 uM in the 
presence of 1 mM CaCl 2 - For expression systems derived 
from macrophages or monocytes, other activation methods 
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have been shown to be effective, such as the addition of 
lipopolysaccharide (LPS) at 10 ug/ml or the addition of E. 
coli endotoxin (Difco) (300 ng/ml ) . These stimulators 
have been shown to release the analogous factor 
5 interleukin-1 from macrophages by March, C.J., et al, 

Nature (1985) 315 : 641-647 . These techniques can also be 
employed in releasing recombinantly produced FGF proteins 
when produced intracellularly without added signal 
sequences, as described below. Additional stimulators for 
10 release of intracellularly produced proteins include the 
phorbol esters and the triglycerides. 

Gene Retrieval 



15 FGF-encoding sequences were obtained is as described in 
co-pending U.S. Serial No. 869,382, filed 30 May 1986, 
Abraham, J. A. et al, EMBO J (1986) supra , and Abraham, 
J. A. et al, Science (1986) 233:545-548, all of which are 
incorporated herein by reference. 

20 

Expression of FGF Genes 



expressed in appropriate expression systems. Of course, 
for the DNAs disclosed herein, the foregoing protocol for 

25 retrieving the genomic or cDNA FGF sequences need not be 
repeated, but conventional chemical synthesis methods can 
suitably be employed. Alternatively, the gene encoding 
basic FGF can be retrieved from the deposited 
bacteriophage lambdaBB2 and converted to the human form. 

30 Site-directed mutagenesis permits adjustment of the DNA to 
obtain any desired form of the protein. DNA sequences can 
be provided with appropriate controls suitable for any 
host, including bacteria, yeast, or eucaryotic cells. 
Exemplary control sequence DNAs and hosts are given in 

35 paragraph C.l below. 



The general strategy whereby the illustrated 



The DNA sequences described herein can be 
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In particular, complete DNA encoding any of the 
FGF analogs described herein can be constructed, for 
example, using a combination of recombinant and synthetic 
methods to obtain each of the DNA analog sequences of FGF. 
5 These gene sequences have been constructed with convenient 
restriction sites bounding the FGF coding sequence so that 
the entire gene may be inserted on an ~503 bp Ncol-Hindlll 
restriction fragment for insertion into an appropriately 
digested host vector such that the FGF coding sequence is 

10 operably linked to control sequences present on the vec- 
tor. Intracellularly produced forms of the FGF protein 
analogs can be obtained by cell lysis, or their release 
from the cells can be stimulated by using heterologous 
signal sequences fused to the gene sequence using the 

15 known relationship of the signal sequence to cleavage site 
to obtain the protein in the desired form. Particularly 
preferred are bacterial expression systems which utilize 
control systems compatible with E. coli cells, such as 
plasmids pUC9-TSFll and pUC9delH3-pTSF-3 . These vectors 

20 are derived from pUC9 (Messing and Vieira, Gene (1982) 

jj) :259-268) , which contains parts of pBR322 and M13mp9 and 
a multiple cloning site polylinker. 

The recombinant FGF proteins thus produced are 
then purified in a manner similar to that utilized for 

25 purification of FGF from natural sources, but purification 
is considerably simpler, as the proteins form a much 
larger proportion of the starting material. 

B . Standard Methods 

30 Most of the techniques which are used to 

transform cells, construct vectors, construct 
oligonucleotides, perform site-specific mutagenesis, and 
the like are widely practiced in the art, and most 
practitioners are familiar with the standard resource 

35 materials which describe specific conditions and 
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procedures . However, for convenience, the following 
paragraphs may serve as a guideline. 



5 



B . 1 . Hosts and Control Sequences 

Both procaryotic and eucaryotic systems may be 



used to express the FGF analog encoding sequences; 
procaryotic hosts are, of course, the most convenient for 
cloning procedures. Procaryotes most frequently are 
represented by various strains of E. coli ; however, other 

10 microbial strains may also be used. Plasmid vectors which 
contain replication sites, selectable markers and control 
sequences derived from a species compatible with the host 
are used; for example, E. coli is typically transformed 
using derivatives of pBR322, a plasmid derived from an E_;_ 

15 coli species by Bolivar, et al, Gene (1977) 2:95. pBR322 
contains genes for ampicillin and tetracycline resistance, 
and thus provides multiple selectable markers which can be 
either retained or destroyed in constructing the desired 
vector. Commonly used procaryotic control sequences which 

20 are defined herein to include promoters for transcription 
initiation, optionally with an operator, along with 
ribosome binding site sequences, include such commonly 
used promoters as the -lactamase (penicillinase) and 
lactose (lac) promoter systems (Chang, et al, Nature 

25 (1977) 198 :1056) f the tryptophan (trp) promoter system 
(Goeddel, et al, Nucleic Acids Res (1980) 8:4057), the 
lambda-derived P. promoter (Shimatake, et al, Nature 
(1981) 292 : 128 ) and N-gene ribosome binding site, and the 
trp-lac (trc) promoter system (Amann and Brosius, Gene 

30 ( 1985) 40: 183) . 



such as yeast, may also be used as hosts. Laboratory 
strains of Saccharomyces cerevisiae , Baker's yeast, are 
most used although a number of other strains or species 
35 are commonly available. Vectors employing, for example, 



In addition to bacteria, eucaryotic microbes, 
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the 2 u origin of replication of Broach, J. R. , Meth Enz 
(1983) 101 : 307 , or other yeast compatible origins of 
replication (see, for example, Stinchcomb, et al, Nature 
(1979) 282:39, Tschumper, G., et al, Gene (1980) 10:157 
5 and Clarke, L, et al, Meth Enz (1983) 101 :300) may be 

used. Control sequences for yeast vectors include promot- 
ers for the synthesis of glycolytic enzymes (Hess, et al, 
J Adv Enzyme Reg (1968) ]_:149) Holland, et al, Bio- 
chemistry ( 1978 ) 1/7 : 4900). Additional promoters known in 

10 the art include the promoter for 3-phosphoglycerate kinase 
(Hitzeman, et al, J Biol Chem (1980) 25_5 : 2073 ). Other 
promoters, which have the additional advantage of 
transcription controlled by growth conditions and/or 
genetic background are the promoter regions for alcohol 

15 dehydrogenase 2, isocytochrome C, acid phosphatase, 

degradative enzymes associated with nitrogen metabolism, 
the alpha factor system and enzymes responsible for 
maltose and galactose utilization. It is also believed 
terminator sequences are desirable at the 3' end of the 

20 coding sequences. Such terminators are found in the 3' 
untranslated region following the coding sequences in 
yeast-derived genes. 



encoding polypeptides in eucaryotic host cell cultures 
25 derived from multicellular organisms. See, for example, 

Axel, et al, 4,399,216. These systems have the additional 
advantage of the ability to splice out introns and thus 
can be used directly to express genomic fragments . Useful 
host cell lines include VERO, HeLa baby hamster kidney 
30 (BHK), CV-1, COS, MDCK, NIH 3T3, L, and Chinese hamster 
ovary (CHO) cells. Expression vectors for such cells 
ordinarily include promoters and control sequences compat- 
ible with mammalian cells such as, for example, the com- 
monly used early and late promoters from Simian Virus 40 
35 (SV40) (Fiers, et al, Nature (1978) 273:113), or other 



It is also, of course, possible to express genes 
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viral promoters such as those derived from polyoma, 
Adenovirus 2, bovine papilloma virus, or avian sarcoma 
viruses. The controllable promoter, hMTII (Karin, M. , et 
a1 ' Nature (1982) 2^9:797-802) may also be used. General 
aspects of mammalian cell host system transformations have 
been described by Axel (supra). It now appears, also that 
"enhancer" regions are important in optimizing expression; 
these are, generally, sequences found upstream or 
downstream of the promoter region in noncoding DNA 
regions. Origins of replication may be obtained, if 
needed, from viral sources. However, integration into the 
chromosome is a common mechanism for DNA replication in 
eucaryotes . 



is done using standard techniques appropriate to such 
cells. The calcium treatment employing calcium chloride, 
as described by Cohen, S.N., Proc Natl Acad 
Sci (USA) (1972) 69:2110, or the RbCl 2 method described in 
Maniatis, et al, Molecular Cloning: A Laboratory Manual 
(1982) Cold Spring Harbor Press, p. 254 and Hanahan, D. , J 
Mol Biol (1983) 166 : 557-580 may be used for procaryotes or 
other cells which contain substantial cell wall barriers. 
For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, 
Virology (1978) 52:546, optionally as modified by Wigler, 
M. , et al, Cell (1979) 16:777-785 may be used. Trans- 
formations into yeast may be carried out according to the 
method of Beggs , J.D., Nature' (1978) 275 : 104-109 or of 
Hinnen, A., et al, Proc Natl Acad Sci (USA ) (1978) 
75: 1929 . 



15 



B. 2 . Trans formations 

Depending on the host cell used, transformation 



35 
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B. 3 . Vector Construction 

Construction of suitable vectors containing the 



desired coding and control sequences employs standard 
ligation and restriction techniques which are well 
5 understood in the art. Isolated plasmids, DNA sequences, 
or synthesized oligonucleotides are cleaved, tailored, and 
religated in the form desired. 



available from a number of sources. Backbone vectors and 

10 control systems are generally found on available "host" 
vectors which are used for the bulk of the sequences in 
construction. Typical sequences have been set forth in 
KC.l above. For the pertinent coding sequence, initial 
construction may be, and usually is, a matter of retriev- 

15 ing the appropriate sequences from cDNA libraries, genomic 
DNA libraries, or deposited plasmids. However, once the 
sequence is disclosed it is possible to synthesize the 
entire gene sequence in vitro starting from the individual 
nucleoside derivatives. The entire gene sequence for 

20 genes of sizeable length, e.g., 500-1000 bp may be 
prepared by synthesizing individual overlapping com- 
plementary oligonucleotides and filling in single stranded 
nonoverlapping portions using DNA polymerase in the pres- 
ence of the deoxyribonucleotide triphosphates. This ap- 

25 proach has been used successfully in the construction of 
several genes of known sequence. See, for example, Edge, 
M. D., Nature (1981) 292 :756; Nambair, K. P., et al, Sci- 
ence (1984) 223:1299; Jay, Ernest, J Biol Chem (1984) 



either the phosphotriester method as described by Edge, et 
al f Nature (supra) and Duckworth, et al, Nucleic Acids Res 
(1981) 9:1691 or the phosphoramidite method as described 
by Beaucage, S.L., and Caruthers , M.H., Tet Letts (1981) 
35 22:1859 and Matteucci, M.D., and Caruthers, M.H., J Am 



The DNA sequences which form the vectors are 



259:6311. 



30 



Synthetic oligonucleotides are prepared by 
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Chem Soc (1981) 103 :3185 and can be prepared using com- 
mercially available automated oligonucleotide synthesiz- 
ers. Kinasing of single strands prior to annealing or for 
labeling is achieved using an excess, e.g., approximately 
5 10 units of polynucleotide kinase to 1 nmole substrate in 
the presence of 50 mM Tris, pH 7.6, 10 mM MgCl 2 , 5 mM 
dithiothreitol, 1-2 mM ATP, 1.7 pmoles [ lambda- 3 2 P ] -ATP 
(2.9 mCi/mmole), 0 . 1 mM spermidine, 0 . 1 mM EDTA. 

Once the components of the desired vectors are 

10 thus available, they can be excised and ligated using 
standard restriction and ligation procedures. 

Site specific DNA cleavage is performed by 
treating with the suitable restriction enzyme (or enzymes) 
under conditions which are generally understood in the 

15 art, and the particulars of which are specified by the 
manufacturer of these commercially available restriction 
enzymes. See, e.g., New England Biolabs, Product Catalog. 
In general, about 1 ug of plasmid or DNA sequence is 
cleaved by one unit of enzyme in about 20 ul of buffer 

20 solution; in the examples herein, typically, an excess of 
restriction enzyme is used to insure complete digestion of 
the DNA substrate. Incubation times of about one hour to 
two hours at about 37°C are workable, although variations 
can be tolerated. After each incubation, protein is 

25 removed by extraction with phenol/chloroform, and may be 
followed by ether extraction, and the nucleic acid re- 
covered from aqueous fractions by precipitation with 
ethanol. If desired, size separation of the cleaved frag- 
ments may be performed by polyacrylamide gel or agarose 

30 gel electrophoresis using sta-ndard techniques. A general 
description of size separations is found in Methods in 
Enzymoloqy (1980) 65:499-560. 

Restriction cleaved fragments may be blunt ended 
by treating with the large fragment of E. coli DNA 

35 polymerase I (Klenow) in the presence of the four 
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deoxynucleotide triphosphates (dNTPs) using incubation 
times of about 15 to 25 min at 20 to 25°C in 50 mM Tris pH 
7.6, 50 mM NaCl, 6 mM MgCl 2 , 6 mM DTT and 0.1-1.0 mM 
dNTPs . The Klenow fragment fills in at 5 ' single-stranded 
5 overhangs but chews back protruding 3' single strands, 
even though the four dNTPs are present. If desired, 
selective repair can be performed by supplying only one of 
the, or selected, dNTPs within the limitations dictated by 
the nature of the overhang. After treatment with Klenow, 

10 the mixture is extracted with phenol/chloroform and 

ethanol precipitated. Treatment under appropriate condi- 
tions with SI nuclease or BAL-31 results in hydrolysis of 
any single-stranded portion. 

Ligations are performed in 15-50 ul volumes 

15 under the following standard conditions and temperatures: 
for example, 20 mM Tris-Cl pH 7.5, 10 mM MgCl 2 , 10 mM DTT, 
33 ug/ml BSA, 10 mM-50 mM NaCl, and either 40 uM ATP, 
0.01-0.02 (Weiss) units T4 DNA ligase at 0°C (for "sticky 
end" ligation) or 1 mM ATP , 0.3-0.6 (Weiss) units T4 DNA 

20 ligase at 14°C (for "blunt end" ligation). Intermolecular 
"sticky end" ligations are usually performed at 33-100 ug/ 
ml total DNA concentrations (5-100 nM total end concentra- 
tion). Intermolecular blunt end ligations are performed 
at 1 uM total ends concentration. 

25 In vector construction employing "vector frag- 

ments", the vector fragment is commonly treated with 
bacterial alkaline phosphatase (BAP) or calf intestinal 
alkaline phosphatase (CIP) in order to remove the 5' 
phosphate and prevent self -ligation of the vector. Diges- 

30 tions are conducted at pH 8 in approximately 10 mM Tris- 
HC1, 1 mM EDTA using about 1 unit of BAP or CIP per ug of 
vector at 60°C for about one hour. In order to recover 
the nucleic acid fragments, the preparation is extracted 
with phenol/chloroform and ethanol precipitated, 

35 Alternatively, religation-' can be prevented in vectors 
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which have been double digested by additional restriction 
enzyme digestion and separation of the unwanted fragments. 



genomic DNA which require sequence modifications, site 
5 specific mutagenesis may be used (Zoller, M.J., and Smith, 
M. Nucleic Acids Res (1982) 10:6487-6500 and Adelman, 
J. P., et al, DNA (1983) 2:183-193). This is conducted 
using a primer synthetic oligonucleotide primer com- 
plementary to a single stranded phage DNA to be 
10 mutagenized except for limited mismatching, representing 
the desired mutation. 



determined by the requirement for stable hybridization of 
the primer to the region of the gene in which the mutation 

15 is to be induced, and by the limitations of the currently 
available methods for synthesizing oligonucleotides. The 
factors to be considered in designing oligonucleotides for 
use in oligonucleotide-directed mutagenesis (e.g., overall 
size, size of portions flanking the mutation site) are 

20 described by Smith, M . and Gillam, S. in Genetic Engineer- 
ing: Principles and Methods , Plenum Press (1981) _3:l-32. 
In general the overall length of the oligonucleotide will 
be such as to optimize stable, unique hybridization at the 
mutation site with the 5' and 3' extensions from the muta- 

25 tion site being of sufficient size to avoid editing of the 
mutation by the exonuclease activity of the DNA 
polymerase. Oligonucleotides used for mutagenesis in ac- 
cordance with the present invention usually contain from 
about 18 to about 45 bases, preferably from about 23 to 

30 about 27 bases. They will usually contain at least about 
three bases 3' of the altered or missing codon. 



generally involves inducing a site-specific mutagenesis in 
the bFGF gene at a specific codon using a synthetic 
35 nucleotide primer which omits the codon or alters it so 



For portions of vectors derived from cDNA or 



The size of the oligonucleotide primer is 



The method for preparing the modified bFGF genes 
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that it codes for another amino acid. It must be 
recognized that when deletions are introduced, the proper 
reading frame for the DNA sequence must be maintained for 
expression of the desired protein. 
5 The primer is hybridized to single-stranded 

phage such as M13, fd, or deltaX174 into which a strand of 
the bFGF gene has been cloned. It will be appreciated 
that the phage may carry either the sense strand or 
antisense strand of the gene. When the phage carries the 

10 antisense strand the primer is identical to the region of 
the sense strand that contains the codon to be mutated 
except for a mismatch with that codon that defines a 
deletion of the codon or a triplet that codes for another 
amino acid. When the phage carries the sense strand the 

15 primer is complementary to the region of the sense strand 
that contains the codon to be mutated except for an ap- 
propriate mismatch in the triplet that is paired with the 
codon to be deleted. Conditions that may be used in the 
hybridization are described by Smith, M. and Gillam, S., 

20 supra . The temperature will usually range between about 
0°C and 70°C, more usually about 10°C to 50°C. After the 
hybridization, the primer is extended on the phage DNA by 
reaction with DNA polymerase I, T 4 DNA polymerase, reverse 
transcriptase, or other suitable DNA polymerase. The 

25 resulting dsDNA is converted to closed circular dsDNA by 
treatment with a DNA ligase such as T 4 DNA ligase. DNA 
molecules containing single-stranded regions may be 
destroyed by SI endonuc lease treatment. 

The resulting double-stranded DNA is transformed 

30 into a phage-supporting host bacterium. Cultures of the 
transformed bacteria are plated in top agar, permitting 
plaque formation from single cells which harbor the phage. 

Theoretically, 50% of the new plaques will 
contain the phage having, as a single strand, the mutated 

35 form; 50% will have the original sequence. The resulting 
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plaques are washed after hybridization with kinased 
synthetic primer at a wash temperature which permits bind- 
ing of an exact match, but at which the mismatches with 
the original strand are sufficient to prevent binding. 
5 Plaques which hybridize with the probe are then picked, 
cultured, and the DNA recovered. 

C . 4 . Verification of Construction 

In the constructions set forth below, correct 

10 ligations for plasmid construction are confirmed by first 
transforming E. coli strain MC1061 obtained from Dr. M. 
Casadaban (Casadaban, M. , et al, J Mol Biol (1980) 
138:179-207) or other suitable host with the ligation 
mixture. Successful transf ormants are selected by 

15 ampicillin, tetracycline or other antibiotic resistance or 
using other markers depending on the mode of plasmid 
construction, as is understood in the art. Plasmids from 
the transf ormants are then prepared according to the 
method of Clewell, D.B., et al, Proc Natl Acad Sci fUSA) 

20 (1969) £2:1159, optionally following chloramphenicol 

amplification (Clewell, D.B., J Bacteriol (1972) U0:667). 
Several mini DNA preps are commonly used, e.g., Holmes, 
D.S., et al, Anal Biochem (1981) U4:193-197 and Birnboim, 
H.C., et al, Nucleic Acids Res (1979) 7:1513-1523. The 

25 isolated DNA is analyzed by dot blot analysis as described 
by Kafatos, F.C., et al, Nucl Acid Res ( 1977 ) 7 : 1541-1552, 
restriction enzyme analysis, or sequenced by the dideoxy 
nucleotide method of Sanger, F., et al, Proc Natl Acad Sci 
( USA ) ( 1977 ) 74:5463, as further described by Messing, et 

30 al, Nucleic Acids Res (1981) -9:309, or by the method of 
Maxam, et al, Methods in Enzymology (1980) 65:499. 

C . 5 . Hosts Exemplified 

Host strains used in cloning and procaryotic 
35 expression herein are as follows: 



lfm/1900-0089/25ap 



1900-0089.25 
CII :CIP6 
.TENT 



-36- 



For cloning and sequencing, and for expression 
of construction under control of most bacterial promoters, 
E. coli strains such as MC1061, DH1, RR1, B, C600hfl, 
K803, HB101, JA221, and JM101 were used. 

5 

D . Illustrative Procedure 

The following examples are intended to il- 
lustrate but not to limit the invention. The DNA encoding 
the FGF starting material was obtained initially by 

10 screening a bovine genomic library and obtaining a pivotal 
probe, followed by retrieval of additional DNA, However, 
it would not be necessary to repeat this procedure, as the 
sequence of the pivotal probe is now known and could thus 
be constructed chemically in vitro . In addition, 

15 bacteriophage harboring bovine aFGF and bFGF and human 

aFGF and bFGF sequences are deposited at the American Type 
Culture Collection. Thus, the DNA sequence used as the 
starting material for the mutagenesis in the following 
examples is available from a variety of sources. 

20 

Example 1 

Construction of pTrp-233 Bacterial Expression Plasmid 

1 . Construction of the Synthetic Tryptophan Operon 
25 Promoter and Operator Regulatory Sequence 

The ten oligodeoxynucleotides shown in Figure 4 
were synthesized by the phosphotriester method and puri- 
fied. 500 pmole of each oligodeoxynucleotide except 1 and 
10 were phosphorylated individually in 20 ul containing 60 
30 mM Tris-HCl, pH 8, 15 mM DTT , ' 10 mM MgCl ? , 20 uCi of 

[lambda- P] -ATP and 20 units of polynucleotide kinase {P/ 
L Biochemicals ) for 30 min. at 37°C. This was followed by 
the addition of 10 ul containing 60 mM Tris-HCl, pH 8, 15 
mM DTT, 10 mM MgCl 2 , 1 . 5 mM ATP and 20 additional units of 
35 polynucleotide kinase followed by another 30 min incuba- 
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01- pup 5£-) Jaqouioad aqq suxpquoo eouanbas paubxsap 5£ 
sxqx * aanbxj ux UMoqs aouanbas paubxsap aqq uijxiuoo oq 
(pjdns *x G 3 s Jabups) sxsAxpup aouanbas apxqoaxonuAxoapxp 
oq paqqxuiqns pup 'iqsa pup ino^a q^T M paqsabxp 
Ax^PTT^TS (padns 'pit6ta pup buxssaw) 6dui-eTW 8 dui -£TW 

spxuispxd oq paqpbxx sbm q-ueuibpji VNO 3Tq.aqq.uAs pasxoxa o£ 
aqi, -paqxjcosap sp qqbxu:iaAO peqnxa pup qno qno spm 
qqbuax ut dq 00I Axaqpuixxojrddp oq buxpuodsajjioo pupq p pup 
Aqdpjboxppjo^np \b6 qaM Aq pazxxpnsxA azaM squauibpai VNd 
aitf, '089:122 (0Z.6T) a;rnqPN 'x* qa xxuiuiapq jo poqqaui aqq 
oq buxpjooop y xab apxuiPxAaopAxod %8 up uo sxsajoqdozqoaxa 52 
Aq squauibas VNO papupjc^s axqnop sroxjipa aqq. go uoxqpjpdas 
Aq paMOXXO? paqp^xdxoa:rd x° UGU ^ 3 P u * uiiojoaomo/TOuaqd 
qqxM paqopjqxa spm aanqxxui aqx *3 0 *-^ ^ P jno M T Joi i^sa 
pup IHO03 qqxM peq.sabxp pup x n 0£ ux paqnqxqsuooao: spm VNd 

pajjp aqi, • paqp^xdxoajd xoupqqa VNd aqq pup uiaoioaoxqo 02 
/Xouaqd qqxM paqopjiqxe spm aznqxxu uoxqpbxx aqj, 

• sjnoq 

9T-2I Jo? 0 o 5"2T ^ paqpqnoux ejnqxxui aqq pup pappp uaqq 
9jeM espbxx YNO frj, jo sqxun 008 'Wui 5*0 JO uoxqpjquaouoo 

XPUXj p oq diV jo uoxqxppp aqq Aq paMOXX°J ajnqpjaduiaq. 5x 

uiooa oq xoo 3 °^ paMOXX^ P ue utui 01 O Q 05 oq paqpaq 

'iM wui 02 ' 3 T06w wui 0T '8 Hd 'TOH-stjj m 5 buxuxpquoo 
X n 0E ux paqnqxq.suooa:r ejew saxpd epxqoaxonuAxoapobxxo 
aqi -uoxqpqxdToaad xoupqqa Aq peMOXX°? uijoioaoxqo/x°uaqd 

q^XM paqopjrqxa pup uoxqonjqsuoo aqq ux saaqqo aqq qqxM oi 
pauxquioo uaqq spm jxpd qopa * e^nqpaaduieq uiooj oq buxxooo 
mots Aq paMOXXOJ uxui z z°J 0 0 06 ^ paqpqnoux pup paxxui 
9J9M (t> aanbx^ * oqa t? pup e 1 2 Pup X sapxqoaxonuAxoap 
-obxxo *b'©) ;rxpd papupjqs axqnop p buxqnqxqsuoo 
apxqoaxonuAxoapobxxo qopa 10 axouid i'Sl 5 

'diV qnoqqxM jejjnq aAoqp aqq 
UT T n 0£ °^ paqnxTP ajeM oi PUP X sepTqoaxonuAxoapobxxo 
10 axouid 005 "uxui 5 joi 3 o 00I 1? paqpqnoux 
ajaM saxduips aqq uoxqpqnoux bujMOXXo^ m 0 Q L£ 1? uoxq 
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6uxuxpq.uoo YNO pxuispxd 5° aouasaad aq^ .101 pauaejos aaaM g£ 
s^upuijoisupji, *I0PX>I/_ dd T X22Vr xxoo *3 °^ U T uox^puijoj 
-supj:* Aq paMOixoj paqxxosap sc aspbxx-VNCl- t>l M^T M pa^poxx 
pup epN-S-eeS-^d pa^safixp usa - IHOoa jo suip;i£>oupu 
ua; i[q.TM paxxui 9J3m 'I^sa pup iyooa q^T^ 6ux}sa6xp 
Aq (aAoqp paqx:rosap) 'an €TW uioji pauT^qo aouanbas oe 
ao^eaedo/aa^ouioad dxj ox^aq^uAs aqi jo suipjSoupu A^ixj 
*fr£T-G£T *dd }p wdns '-Ye 5© st^btupw q^T M aouppaooop ut 
(uixaqupw jabuxjrqaoa ) ^uaunpaxq. asp^pqdsoqd x eu T^sa^ux jx^o 
Aq paMOXXO? I^sd pup iHooa q^T* uox^axduioo pa^sa6xp 
spm apn-2-££2-XMd pxuiSBxd jo suip;t6oupu A^uaMj, g2 

•apM 

-2-££2-MXd pa:*pu6xsap spm a^xs iapN aqq. 6ux>[opx pxuispxd 
6uxixnsa:t aqj, '(662-682 *T (286T) ^auao xddv XOW r 'T* *e 
*M 'pjtuuip^pn) xxoo *a o;ut pauixoisupj:; pup pa:*p6xx spm YNCI 

pa^saBxp-iapw aqq. 'uoxap^xdToaad xo^cq^a pup uox^opj^xa 02 
uuoxojoxqo/xouaqd 6uxmoxx°£ *uxui 02 ^o? 3 0 S2 ^ P e ^ pc t nou T 
spm sxqj, -wn OS 03 pup diOP 'diOP 'diYP jo uot; 

-xppp aq} pup (*oui 'uixaquupw-xa6ux;rqaoe ) ^ueuibpai MOuaxM 
; I asejauiAxod xxoo *a 10 s^xun g q^XM 'fc6e 1* 286T 
'saxxo^paoqPT aoqaPH 6ux:rds PX°3 'buxuoxD JPxnoaxow 'Yp gx 
^a sxq.pxupw 50 poq^aui aqt* Aq tutiog; aqq. 30 ut buxxXT? 

Aq paMoxx°? I^PN Ml™ uoxqaxduioo 03. paqsabxp spm ( pjrdns 
* * p 'snisojg pup *a 'uupuiv) 2-eC2MMd pxuispxd 

ff^-dJid 'pxuispxd fcuxuxp^uoo 
ao^paado/^a^ouioad da^ ox^aq^uAs aqq ;o uoT^onnsuoo • z OX 

* (096S-9S6S:T8 

(fr86T) (VSnJ T=>S P^ov X12N oo^d *X P is ' *W 'PJPqa^I 
'LV-LZ'J (086X) '"S '©foiuia pup '*V*H 'TTS^TT^H) 

xxoo *a ux suxaqoad snoboxoja^aq 30 uoxssaadxa aq^ g 
ut x n 3 3sn ec l °^ uaAoad uaaq aApq ^ aan6xa ux uwoqs }pq} 
oq. saouanbas sno6oxPuv -apx^dad jrappax uo^ado upqdo^dAj^ 
aq^ jo uoxbaa: buxpuxq auiosoqxj aq^ sp XT SM sp (dj^) 
uoaado upqdo^dAaq. aqq. 50 suoxBaj jo;ejedo pup (suoxbaa 
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'aaui-g^ oxuabp^nui aq} bux.sn uopoo uoxt^puxuiaaq. uoxq. 
-pTsupj; aq} uioji ui^aa^suMop dq j?e ©^Ts IIIpuxH p e;eeJo 
03 sxsauabp^nui pa^oaJTto-aauixjid oj^ta ut jo punoj puooas p 
paioaCqns osx© sew abpqd pazxuabp^nui aqj, -^ex uopoo }p 
. aouanbas aq:* saaqx^ qoTW e-OTOVWYDDlVDOXlDV- , S ^bui-Z.T 
DTua6e^nui aq^ pup '£<;x uoppo aouanbas buxpoo aq^ sja^je o£ 
qoxqM i # e-OOJ.J.DV00YDVJ*YvVo-*S ^eui-gx oxuabpinui aqq. iaaui 
-/.X © 'jauixad jesieATun,, : sapxq.oaxonuobTxo aaaqq. 10 

aouasaad aqq. ux ;no paxjaeo\seM sxsaua6p^nui oj^ta ut aqj, 
•pajaAOoaa ajcaw uot;c;u9tjo ^axjoo aq} ut ^Jtasux aqq. bux 
-Ajijpo ebpqd pup S^uiexw jo a}Ts\iyooa aqi o^ux pa^ebxx spm qz 

uoi^iod buxpooua-uxa^oad aD.iq \hi buxuupds uoxbaa q^ * X 
aqi pup iyooa q^T^ pa^sabTp sbm (^TOfr *°N DD.LY) auoxo zeg 
ppquipx aqi. * suopoo asaq} .la^x^ No} P^sn bjbm sanbxuqoaq. 
sxsauabp^nui oxiToads-aq.Ts p;rppup:;s\^paapuT 'pup 'uxa^ojd 

upumq aqq. apooua oq. Moxaq paq^aosap sp STsauabpqnw qz 
pa}oa:rxp a^xs Aq paxixpoui aq Ax^uaxuaAuoo Aeui VNO^ auxAoq 
ajoiaaaqq. iesi?D qopa ux aouaaaiixp apAoaxonu axbuxs p jo 
^X n saJ aq} aae saouajaiixp asaqj, *:ras\spq upuinq aq} pup 
ojd spq uxa^ojcd auxAoq aq} aaaqM ' i£j uox^xsod }p pup 'aqj, 
spq uxaqozd upumq aq} pup aas spq uxaqojd a\rxAoq aq} a:raqM gx 
J ZZl uox}xsod }P upuinq pup aoa auxAoq\oxspq uaaM}aq 

saouajraiixp pxop outuip om; Axuo sip eaayi 
•aouaaaiea Aq uxa^aq pa^pjrodaooux ajp qoxqM go XT 13 7 PJdns 
(986X) x^ujnop 09W3 eqi. ' X B I 9 'YT 'uipqpaqv pup 'eidns 
( 986X) aouaxos 'T e ^ 'YT 'uipqpjiqv 'P^Hris '£8e ' 698 ' <=>N 0T 
XPTjas *S*n ut paqxaosap sp saxjpjqxx oxuiouab pup VNCI3 upui 
-nq uioai sauoxo ^oj oxspq e^pxosx o^ saqoad uox^pzxpxaqAq 
doxaAap o^ pasn spm VNO^ joj oxspq auTAoq eqj, 

jo^opj qq.MOJO ^spxqojqxj oxsps upuirh * Y 



XUSJ-ci pxuispxd ?o uoT;oni^suoo 
Z axdurexg 

TCZ- d:t »L d pa^pubxsap pup pa^pxosx uaq^ spm pxuispxd ^oajjcoo 
aq^ ; jo^pjado/ja^ouioad dj^ ox^aq^uAs i^sd-lHooa dq 00T ^q^ 
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aouanbas jequiriN 

\ 

: sapx^oaxonuobxxo 



'TTSJid pxuispxd PT^T^ °3 £ZZ~dx&d Jo;oaA uoyssaidxe 

aqq. jo se^xs IIipuxH pup iapN aqi o;ut pa^pbjx uaqi pue 
'aouanbas buxpoo aoa oxspq aq} io sja^aenb aaaqq. x eu ™:raq. 
-Axoqapo aqq. Axaipuixxojddp supds }pq} X-SIff uiojii ^uauibpai 
YNO IIIpuxH-ca-ipqH 'JT^d aspq LLZ ^Ml °1 pauxoC 'pa^pxosx q£ 
sew ;jasuT ox^aq^uAs aq^ 50 ^uauibpjiqns ipqH 01 iapw 
aqi -buxouanbas Axoapxp Aq pauuxiuoo spa £dw ut ^aasuj 
dq S£X OT^M^uAs aq^ jo aouanbas aqj, *6<3uiexui IIipuxH 
o^ux paq.pbxx pup ' Axx^T^uanbas Jaq^afcoq. pa^pbxx 's;rxpd 
ut paxpauup eiew sapx^oaxonuobxxo aqj, ■ sapx^oaxonuobxxo gx 
ox^aq^uAs buxMOXX°3 Bl H 6uxsn Moxaq u>\oqs aouanbas aqq. 
qq.TM paq.ona^suoo spm ^uauibpji YNO. oxq.aq^uAs p 'X-£T£Td ut 
pauxp^uoo uoTfiai buxpoo aq^ 10 (s^xpd aspq g^x ;sjtt eq^ ) 
pua ,5 aqq. 10 ;ua;uoD o+0 aq^ jrawox 03 aapjro ui 

aua£) ^dj 50 pug x^uxuijiai-N ioj OT 
uoxban buxpoo ox^aq^uAs q^™ auao 10 uox^onaisuoo -g 

*X-£XfT<3 pxui^pxd a^pxpauiaaq.ux aq^ 
uxp^qo 01 eiDOd pa^sebxp IIipuxH o^ux N \pa^pbxx pup IIipuxH 
q^XM pasxoxa spm uoxbaa 6uxpoo jdj aqi buxuupds ^uauibpaj g 
<3q 0C9 Axa^puixxoaddp aqq. pup 'paunooo ppq sTseuabp^nui 
pajxsap aq} ipqq. uuttuoo oq. (padn^ 'tb }a jabups) 
stsAxpup aouanbas apxqoaxonuAxoapxp Aq paouanbas spm 
YNO pa^P^nui ^UP^x nse:t eu ..L * * e-0YDJ J JuXYiYJ J ii30YY0J J YDYI,iJ J J, 
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ut suoponj^sui sjcean^opjnupui ,an^ o:* Suxpaoooe (sqpx°T8 SC 
puex6ug M9N is^Turt oz) IIIP^TH M^T M pa^sa6Tp sbm (sqex°T9 
pup-[6ug msm) 60nd 10 6n g Axe^^uixxoaddv *S eanbTj ut 
pa^ea^snxxT jo;o9a uoTSsaadxa T^ U TJ 9U .3 o;ut VNO pa^^nui 
bujuoToqns a^p^TXToei oq. os paAouiaa spm 63fld pxuispxd 
jo uot63j aa^uxxAxod aqq. go e;is iiiputh aqx Oe 
sa^esui euBO pezTuebE^nw xoj 
ao^DeA uoTssaadxg jo uoTq.e:rpda:ra 
£ axduiexg 

• s6uTMpap SujAueduioo qz 
-op au^ 50 g ajnbTj ut u3at6 st XTJSXd 10 deui pTiusexd V 

YD0XX003 0Y03YY9YYY 00Y33DXXXX XD0YMY3Y3 
YD9D 0X33XX3XXX OOXOODYYYY Y0DXDYX3X3 

OCT 021 Oil OZ 

YDOXXXXDDD X3XXXDYY0X DYOOXDDXDD DYY3D0YDDY DYY33Y030X 
X03YYYY333 Y3YYY3XX3Y 3X00Y33Y33 3XX33DXODX 3XXDDXDD3Y 
001 06 08 0L 09 ST 



3XX3XD33Y9 Y0DX30DY00 3XY3X0YXY3 YY33Y03YD3 3VXYX3Y 
0YY0Y33DX3 X3DY03DX33 3YX3Y3XYX3 XXDOX30X3D DXYXY3XX0OY 

os ot> oe oz oi 01 

iepN IIIPUTH 

XPuxuijax outiuv Jo; auao oT^aq^uAs jo uot^^j;suo3 /g 

DOXXXXXODOYDOYYYOYYOOYDDDOX^OYd- , S Z LSI , 

OXOYYOXXXOXOOOXXXXODYOYOYXOYd- , g 9 2 9 X 
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jo^ejado/ae^ouioad daj, aqq. buxqxequoo XTJSXd 10 ^uauifi^a; ge 
IHoo3-inAd e*T~ ei U -eAoqp paqx;rosep sp pe^oaxT 03 
pue suoT^oaixp saaamoeirtueui eqi ca fcuxpjoooe 3 0 ££ ^ e .inoq 
X 203 tui gx*0 ut (s;iun oi) IHOoa pue (s;iun oi ) I n ^d q^T* 
paqeqnoux seM (6n oi ) VNO IIJSI,(3 Ax^uajanouoo 

* sxsajoqdojrqoaxa OC 
Xe£) apxuiexAaoe Xq paqexosx seM uox^eoxxdaa 50 
ut6t:co aqq 6utut9^uod (v }uaui6e.ii paqeubxsap) T-£Hiap63n<3 
jo ^uauifiejx iHOD3-inAd LO'Z- ©Ml P ue ae^eM x^i 800*0 
ut pepuedsnsea 'pezTXT 1 *^ 0 ^! '"[oueq^a %oz. q^T M paqsew 'uot; 
-e6nxx;i:*uao Aq pa^oaxico seM eqeixdxDajd ei U * x° uedo:rdos T 52 
q^TM pa^eq-rdxoa:rd ueq^ pue x oue M^ ?° ©uitixoa x en ^© U1S 4^7^ 
aoTM; pue (T/T) uijcogoaoxqo/xoueqd 50 aumxoA x^ n ba ue q^T M 
pa^oeji^xa uaqq. spm uot^dp8J aqj, * suot^ori;sut sis 
-anioeinueui eq^ 0} 6uxp:ioooe sanoq z JOJ (sqexoxs puex^ua 
MeN Js;tur 05) IHoaa pue (sqexoxe puex^ug msm is^Tun 0£) 03 

ItiAa qq.™ Tui * 0 U T pa^seSxp sem 6n oi pue paaedazd sew 
YNO pxuisexd aqj, -pa^exosx ' x -£HT3P63nd 'pxuisexd aqq 

fcuxuxequco ex:raq.oeq v *aqxs mpuxH aq^ jo ssox aqi 201 
pa^sa^ pue ajnpaooad sxsax auxxe^x? aqi Aq saxuoxoo 9 111023 

pa^exosx seM VNO -uTxxT^T dure xu/bn 001 paquauiaxd si 

-dns saqexd T uo q.q6xujaAO uwoa6 eaeM epa^oeq 

pa^oaisuejr:; aqj, -sxxao T90TDW qua^aduioo ^oeisuej; o; pasn 
uaqq spm (xui 10 *0) uoxqoeaa aqi jo qonbxxe uv 

*D 0 3T ^ sjnoq 203 (sqexoxa puexbug 
M3N is^jun 02) asebxx YNd fej, pue 'diY wui I '2aixnq esebxx 01 
aseux>( XT q^T M I 111 T*0 U T pa^eqnoux uaqq pue ' pazxxjqdoAx 
' (D a6n;ojOTw e ut 6 000 'Si) uoxqefiniT jquao 

Aq pa^oaxi 00 S1?M a:ieq.xdxoa2d aqj, *xoueqq.a 50 sauinxoA 
ixeq e pue om^ q^TM pa^e^Tdxoajd uaqt^ pue 'XD^N W£*0 ap^ui 
'uiaojoaoxqo q^T^ boxm^ ' (t/t) uLioioaoxqo/T OU9 M d 10 auinxo A 5 
Xenba ue q^xM aox^a pa^oea^xa uaqq sgm uox^oeaa aqx "0 o ST 
^e sa^nuxui 0C JO ? pa^eqriDUx pue (mjaquew Je6uxjqaog .'sqxun 
5) 1 asejauiAxoa YNQ jo ^uauiBej; Mouaxx aq^ pue sdiNP 
Wiu g * 0 q^XM paquauiaxddns ueqq sew uoxqoeaa aqj, * xur go*0 
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pup 63n<3 spxuispxd 6uxq.sa6xp Af.jpnpx ATpuT Aq pe^onj^suoo 
spm jojoba sxqi, -uox^ubaux ^uasejd aq:* 50 sbox^up 
aq:* 50 Aup pup (suijoi XT e ) iOJ paonpojcd Axiupuxquiooa:! 

qq.oq fiuTssejdxe 205 jojoba pajjajajd p sp pasn 
eq osjg ueo 'uotBsj ae^UTfAxod e;ts axdx^xnui U T ©^T s 

IIIPUTH ^oe^uT ue 6ututb^uoo ^nq e-JSI,d-£HX3P63nd pxuispxd 0£ 
6uxxquias©j Axasoxo jojoba p ' I X.3SI.d-60nd pxuispxd 



ajn6Tj ut pe^ej^snxxi st jo^osa sxq} 50 uox^onj^suoo aqx 
• sxsauafip^nui oj^xa ut Aq paaaixe uaaq spq qoxqw VNO ©q^ 50 
Aue BuTssejdxa 10; jo^osa paaaajazd aq} sp saAies ^uauibeji 53 

jo;oeA sxqj, *sxa6 apxwpxAjiopAxod uo sunI x B 7^ uen £> as OM l 
Aq pa^BXosx sbm ' e-^Sid-eHX^PGOnd jo 0 ^uauifipaj pa^puBxsap 
'sxeu6xs doq.s uox^dx josuei; om; aq:* pup uox^eoxxdaa 
50 ut6t^o aqi 'aua6 eoup^sTsei utxxT^T^uip aqq. Bututp^uod 

^uauubeai ino^a-II ipujH q^t 6'Z~ P U13 uox5P}xdxoa;rd oz 

Xoupq^a Aq pa^oaxx 03 SGM VNQ ©MI, ' eAoqp paqxaosap 
sp uiaoiojoxM^ pup uuoioaoxM^/TO^^McI q^T M pa^opj^xa 
uaqq. pup \vs fo 01 auinxoA aq:* aonpei oq. pa^opaaxa 
XOUPq.nq spm uox^opaa aqj, -suoT^onj^suT s^aanaoeinupui aq^ 
oq. 6uxpaooop D Q L£ 1? sanoq $ xoj auxpxuiaads win g 'inoog jo gi 
sqxun 001 'IIIPUTH 50 s^tuh 00T Ul™ T 111 0*T U T paqeqnoux 
6n 002 P ue pe^xosx sew e-JSid-eHX^PGOfld pxuispxd aqq 111025 
VNQ -AxaAx^oedsaj dq 0063 put? 09S pue '00Z.3 P^e 008 '006Z 
pup 09S Axa^puixxoaddp aap s^uaui5pJ5 iqsa-i 1 ipuxH pup inAj 

-IIIPUTH ' IHOoa-IIIpuxH 50 sazxs aqq. .'aouo Axuo pxuispxd oi 
aqq s;no Ilipuxn) dpui uot^otj;s9J paqoadxa aqq. uxpquoo 
oq UMoqs pup paqpxosx spm ' e-.JSXd-eHX s P63nd ' qupuxquiooaj 
auo uiojj VNO px^spxd * U TT XT^Tduip jm/bn 0OT q^T^ paquauiaxd 
-dns saqpxd Jp6p 7 uo qqBxujaAO umoj£ eieM pxaaqopq 
aqj, -sxx 90 T0T9H TT OD *3 quaqaduioo qoajsupjq oq pesn g 
pup 'l-CHX^PSDnd 50 v quaui6p;i5 iyooa-inAd L0'Z~ 
pa^pbxx pup STsaaoqdoj^oaxa jb£> apxuiPxAjopAxod Aq pa^pxosx 
spm 'TUSiLd 50 a ^uauifipaj paq.pu6xsap 'saouanbas uot; 
-puxuiaa^ uox^dxaosupa^ aq^ pup uox6aa: 6uxpoo joj 'uoxbaa 
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sanoq 9-i? joj paqeqnoux puc '(sqexoxe pu^xBug mgn) ascbxx 
YNO frj, 50 s;tut\ OS ' (uixaquupw Jabuxaqeog ) 1 ase:rauiAxod 
YNa jo quaui6ejj Mouaxx s;jun g 'sdiXP wui ZX ' 0 J° T m TO'O 
oq peppp uaqq. pue a;rnqe jaduiaq uiooa oq paxooo st uoxq.op 
-9J aqj, -^XO^W wui 01 P ue 1 S * Z. H<3 'XOH-stjj, wui 01 JO uot; 
-njos \m io*0 U T 3 Q SS saqnuxui gx 0; } S JO ? ( sxeoxuiaqooxg 0C 
•q*d uiojj paseqoand aeui £j ) -isuixad buxouanbas 
XPsaeATun £XW jo bu x pup (uoxq.p}nui aqexjrdojiddi? aq} 

buxpooua aaui 52 zeui £3) ( s ) apx^oaxonuobxxo oxuabeq.niu 
pa:*exA:ioqdsoqd aq} jo bu g q^T* pazxpxjqAq st VNO 
papuej^s ex6uxs aq^ 50 6n auo *smoxX°J se pazxxe^auab aq 53 
ueo sxsauabi3q.nui OTjToads e;xs joj suox^xpuoo aqj, 



aqq. jo Aug ux pa^eu6xsap sapx^oaxonuobxxo ox^aq^uAs aqq. 
jo ajoui ao auo 6uxzxxj^ n pauuojjad aq Aeui ' pjdns 'qqxuis 
pue jaxx°Z Aq paqxaosap sp ' sxsauabp^nui oi^ta ux 'paqex° s T 0Z 

spm 0T6Z.^^OJ jo VNO papuisaqs-axbuxs aqq. aouo *Jo; 
-D3A 63uiETW U1S J° sa^xs mpuxH-IHOoa ©M^ o^ux (joaq ueuinq 
buxpooua YNCI ©q^ pu^ uoxbaj jraqouiojd djj, aqq buxsxjrduioo ) 
TIJSIid jo quauibeaj YNa IIIpuxH-IHOoa dq £09- e m 6ux^b6tx 

Aq pa^Dnj^suoo sbm 0T6Z.^£Oa pxuisexd -uxaaaq paqxjcosep gx 
sBoxput? aDJ ®m buxpooua saouanbas YNa eq^ jo xi G 
;dtu;suoo oq. pasn aq ueo x ooo ^ o:td 6uxmoxx°J 

sq.ucq.riK 30a jo uoxq.onpoJd Joj aanpaoo^d pazxxeaauao 



aqq 6uT;iesuT Aq x I 3SI.<3- 60fi.d qqT« qqbneq sb saouanbas auab 
boxeue a03 ©Ml- ssaadxa oq pasn aq uaqq. ueo jojoba sxqj, 
•s^uauibpji pa^exosx om; aqq buxqcbxx puv 'xiasxcl uioaj 5 
saouanbas uoxqpuxuiaaq. uox^dx josupaq. aqq pue 'uoxba;t buxpoo 
aoa 'uoxbaa aoqejado/ ja^ouiojid djq aqq. buxuxeq.uoo quauibeaj 
IHOoa-inAd qx e*T~ P ue 63Qd uioaj ^uaui6ej:j ao^oaA inoog 

-IHAd q^( LO'Z- bux^exosx 'iyooa pue inAd q^XM XTiSid 



•uxaaaq saxqeq 



01 



•uinxae^opq Txoo -3 buxuuoj sueaq. pue aoqoaA paqsabxp 
Axaq^T^o^de aqq oqux saqqasseo YNO IHOoa- 1 1 ipujH 
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oquT paqoaisuejrq '(9 ajrUDTj ut paqeaqsnxXT P UB £ axduiexg g£ 
ut paqjaosap) £- JSI.d-eHX 9 P63nd 10 3 quauibe^j 03 paqebxx 
uaqq st quaui6e:ri VNO ©Mi • STsaaoqdoa^oex 9 T 9 ^ 9sojp5b Aq 
paq-pjosx st joj paqeqnui aqq BuipoDua quauibeaj VNO sq*} pup 
'IIIpUTH pue iHQ^a M^T W paqsafiTp 'pa:ieda.id uaqq. st auop 

£XW paq.e:;nui aqq 50 uuoi .aATqeoyxdaj: VNO sm» OC 

■ sepT^oaxonuobjxo q^oq q^TM x^u6ts 
aAT^Tsod e aAeq XT™ squetinui axqnoa * apTqoaxonuofiTxo 
puooas aqq q^TM pauaaaos st ja^xTJ ^eq^-O aqq 
pue apT^oaxonuoBjxo auo q^TM pauaaaos st jaqxji 9UO uaqq 
q.ueqnui axqnop e aonpoad 03 pesn 6uTaq ajp sapT^oaxonuoBxxo qz 
om^ j 1 *6uTouanbas Axoapxp Aq aouanbas pa3eq.m11 aqq 
aoj pazAxeue uaqq. pue paqexosj st vno 'aqexd x^uT^T^o 

aqq uioji pa^oxd uaqq aje uixiJ Aej-x eqq uo saATq.jsod ^Jep 
oq. buTpuodsajaoD sauoxo * aanqeaaduiaq uiooj qe qq6TuaaAo 

uiXTi Apj-x asodxa oq pasn uaqq pue uopnxos qOYWI, OZ 
ut o Q S9 qe aouo pue (SOS %T"0 'Yam wui 3 'O'B Hd 'XDH-stjj, 
wui OS 'apTjroxqo umTuomuiexAqqauieaqaq we) uopnxos qOYWI. 
ut a;rnqe;raduiaq uiooa qe aouo '0 o S9 saqmiTu gx Jo: aouo 
'saqnuTui gx JOj a:rnqe;iadiuaq uioca qe oss x qqTM. aoTMq 
paqseM uaqq aae s:caqxT5 a M»L -aseujif apjqoaxonuAxod ^j, pue gx 

diY-td^-'epqurex] qq™ PST^^T pua- , g uaaq seq qojqM apTq 
-oaxonuofixxo oTuabeqnui aqeTjrdoadde aqq buTujequoo uoTqnxos 
uoTqezTpTjqAq-ajd qsaJi qqT M 0 Q 3t; ^ sanoq £ joj paqeqnouT 
uaqq aze sja^xTJ B Ui * YNQ ui:rads uouixes pa:rnqeuap 
;o jw/bw f'O pue (uopn-[OS (uTiunqxe uinaas auTAoq %go*0 01 
'auopxxoaaAdxAuTAAxod %go*0 'TT 03 TJ %S0*0) s^qpjequaa 
XZ 'eqejxns x^ D9 P°P uinTpos %x*0 ' ( 0 ' L Hd 'aqeaqTO 
uinTpos wui gx 'XO^N wui OST st oss x x) OSS x 9 :uot; 
-nxos uoTqezTpTjqAq-ajd ut Dq^t^ sjnoq z JO J paqeqnouT 
uaqq pue sanoq z J °3 ^ o 08 ^ e umnoeA jrapun pa^eq 'sja^XT? 5 
asoxnxx 900 ^! 11 OM: >- J° q^^9 oq paaaai suejq. st sauoxo 
eXW 6uTqx nS9J 3° YNO ©qi *0 Q Z.e ^ e saqexd aebe q 

uo q.q6jujaAO paqexd pue eTjaqoeq xoiwr quaqaduioo oq pappe 
uaqq st uoTq.oeaj aqq 50 ( xui ^00"0) qonbxxe uv *3 0 ST 1? 
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spm vNa eiW SuT^insea aqi pup *^ 0 LZ 1* ^q&xuzeAO ge 
pa^PXd sxT a ° pauiaoi supj} aqx -PTja^opq XOTWf 

^ue^eduioD uijojsupj^ ca pasn uaq^ spm uopoeei aqi 10 jn 
2 -sjnoy g jo; 0 o £T 3p pa^pqnoux pup aspbxx VNa frX s^xun 
OZ P U1? 'dXY wui T 'I espaauiAxod VNa ?o ^ueuibpjr; mou9JH 
aqq. jo s;tut\ g ' saxxp wui 5 * 0 M^T M pa^uauiaxddns uaq:* spm oe 
uopoeej aqj, • sa^nuxui OT ^oj ajn^caeduia^ uiooa }P uaq^ pup 
3 Q 5S ^ sa^nuxui 02 ^TO&W uiui OT PUP g ' i Hd XDH-sxaj, uiui 

OT ?o jn OT ux (sqpxoxg pupx6ua wan) jauixjd 6uxouanbas £XW 
XesaaATun aqq. 50 6u x PUP ezez PUP ££££ sapx^oaxonuoBxxo 
pa^PXAjoqdsoqd 9U .l 5° U^e 6u 02 M^T^ pa^eqnoux spm 0T6Z. 52 
laOJ a^px duie ^ £TW papupj^s ax^uxs aq:; 10 6n auo 

•vxaa pfa T PUP 0*8 Hd 'XDH-sxzx wuix 
o;ut pxoj-om^ pa^nxTP Q^sw sapxVoaxonuoBxxo pa^PX^:ioqdsoqd 
^qx *0 Q ££ ^ se ^ nu T UI 0£\ JO 3 aspux^t apx^oaxonuAxod 

^j, s^xuri 5 pup dXV WW V^tmM (xo^T^q^oxq^Tp uiui 02 
5 ' Z 10E>K uiui OT *9'L H<3 XOH-stjx uiui \ ) Jiaiinq aspbxx/aspux>[ 
XX ?o T n 05 U T pa^eqnouT ajaMXXOT uopoo }P aouanbas 
aqi sjca^x^ upTUM ; (e2£2#) # e-OXX^XXXDXXXOXOVODVDVDVX 
-,g aaiu-£2 oTuabp^nui aq^ pup ' uopoo q.p aouanbas 
aq} sjca^x^ qoxqM i(2222#) , e-OXDDo\vYYYDOXOYXDXDXOOV 5T 
-,g jaui-£2 oxuabp^nui aqq. 50 qopa suipj6ojd\tui z Axa^-Puixxoad 
-dv * uoT^p^nui axqnop p buxonpoad Aqa^aqq. \anpxsaj auxaas 
o^ pabupqo eieM uia;oid joj oxspq upumq aqi'^o XOT ^P^ns *^ f ftf 
suoT^xsod ^p sanpxsaa auxa^sAo 'exduipxa sxqi uq; C ^ i\ 

STOT/freD-aOJQ boxpuv aDJ oxspe jo uoT^eiedaid OT 

g axduipxg 

• (TTT :T 

( 2t?6T ) uiaqooxa qojv '^ojqxsa pup pxjtii) sxx^^ 9 TToo 
^ue^eduioo uijoisupj^ oq. pasn uaqq sx vNO eqx *PXja^opq g 
aq^ 111025 pa^pxosx sx VNa pxuispxd aq^ uaq^ pup uxxXT D T du iP 
Xiu/6n 00T q^T M pa^uauiaxddns qq.ojq 1 ux umoj6 'pa^oaxas aap 
saxuoxoo -uxxXT^Tduip iw/bn 00T q^T M pa^uauiaxddns sa^pxd 
jcp6p q uo ^qbxuaaAO umoj6 pup 'sxx 9 ^ T0T9H i.ueiaduioo 
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0 quaui6e;r3 jojoba IIIPUTH-IHOD3 .-311*4 oq paqe6xx st?m wsut 
IIipuxH-IHOoa QM^ ?o & u OS Axeqsuixxojddv *suoponj;suT 
s^aaJinqDGinueui aqq oq 6uxpjoooe ('3TT e 3 ' e TT°f .'-out. 
TOTOia) NY3TD3N3D &uxsn sx sajoqdojqoaxs xa6 asoai?6e Aq 
paqexosx sbm quauibeaj HIpuTH-IHoo3 6uxqxnsa:i eqj, 'Viaa 
Win T P" 1 ? '0*8 Hd wui I 3° \ n 0Z U T pepuadsnsaj oe 

puB 'pezTXTM^oAx 'x oue M^ e %0L i-H™ psqsPM 'uoxqeBnixztquao 
Aq paqDaxx° 3 seM VNd 6uTqxnse:r 9 Mi • psqeqTdToejd xoupqqa 
uaqq pue uiiojojoxqo q^TM aox^q pup (x/l) uuojojioxqo 
/Xouaqd 50 saumxoA x^nba M^T M aox^q pa^D^j^xa uaqq 
sgm uot^ob8J aqj, *D Q Z.e 1* sjmoq j 203 inopa PUB HipuXH S3 
50 qoea s^Tun Ofr M^T M isin^oc inu^ui aqq Aq paqxaosap 
s~9 aa^inq iiipuxh XX 3° T m £ * 0 ux qno sgm VNO 3H eqq jo 
fin s Axaqeuixxoaddv * e^dns 'Axoa pue uixoqu:rxe Aq paq-raosap 
se paqpx os T VNa ©q^ pue uoxq^Bnixaquao Aq paqsaAjrpq ejew 
exjaqopq eqjj '3 0 £E ^ e sjno M 9 JO J umo:i6 uaqq exet\ qoxq^ o£ 
(qqoaq r o;ut paqnxTP XOZ 'ajnqxno paq^Jinqss) ajinqxno 
TOTWf 30 x w OS aqex noou T oq pasn aaaM 'XOTWP paqoajux 
uicaj paq^xosx 'S3i8# 9&eU<3 CIW 3° x n ^373 'empaooid 
sxqq ui -6TST-eTSTsI ( 6^.61 ) san spxov Toiuj 'Axoa pue 
uiToquaTg jo poqqaui aqq Aq paqexosj SPM SZZ.8# aq^xdiuaq eiW ST 
aqq 50 (jh) uijoj aAxqeoxxdaa papue:rqs exqnop aqi, 

• saSueqo 

paqoadxa aqq uxpquoo oq UMoqs pue 6uxouanbas Axoapxp 
Aq pazAxeue sew (S3Z.8#) aq^xduiaq YNd CTW buxqxnsaa a Mi 
•Bjdns 'x e ^ a Ja6ues 30 poqqaui aqq Aq paaedajrd YNd £XW 01 
papuBJi^s axfeuxs aqq pue paqpx os T aja^ sqdeaboxpejoqne 6ux 
-^X nseJ uioji sx^u6ts aAT^xsod oq. Buxpuodsajjoo seuop 

fTW '3AoqB paqxjoGap sb passaoojd pue sja^XT3 e^poixdnp 
aq^ oq AxaqeJ^das pappe uaqq ei9M saqojd aAjqopoTppj: aqj, 
'diV PT OD J °3 peqnqxqsqns sert (axounj/xoui 5 Axeqpuixxoad $ 
-dv '35e0OaN# aeaxonn pupx^a ^©N) diV- [ -epqun?x ] 
30 T3ui x qdaoxa aAoqe paqTjosap sp paqexAaoqdsoqd sew 
(e£ez# P ue sapxqoaxonuobxxo aqq jo qoea 50 6n auo 

•aAoqc paqxjosap saaqXT3 esoxnxxa^o^Tu oq paajajsupjq 
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st z pup 'x PT^ outuip ..10 uoTqysod aqq st a 'paqpqi^c 
6uTaq st qpqq aouanbas aDJq upumq 3Apcu aqq ut pToe outuip 
aqq st x a:raqM ZAX-aoaq :se pauTiap eap aoaq io s6oxpuy 



\ 



eze£/Z2££ \ ST0T/fr€3-JOJq (6 

Z.T22/ZZ££ S8Z./^eD-J0Jq faff 

ezezmZZ/^ZZ STOT/8A/freO-JOJq U 

ZlZl/%\llj LXZZ ST0T/96/8Z.D-^OJq (9 

£TZZ/8T33/Z2Z2" \ S 9 6/8 L / frCO-afDaq (s 

£ £ e £ DiL £I.iLL JO JlMDiDYDDYOYOVJid- , 5 

££££ DXOOOVYYVYDDiDViOiDXOOYd- , g . S2 

£ZCZ/ZZ£Z \ SIOT/96 

/8m/Z.U2 /8Z./^eD-JOJq (fr 

£TZ2/8TZZ S96/8£D-JMq <£ 

8T22 ODYOVDYXiOJ.DXWYIOI.J.DOYd- , 5 S960-JDJq (z 

L\ZZ .L£3DDYW03JO£0I,3Y0SYYY3d- , g S8£3-JDaq foe 

♦ ^equinN apTqoaxonuobTxoi HoYeuv~55Iq 



I ejqei x 

•uuinxoo AqTUTijp UTjpdaq p buysn paqpxosj uaaq 
spq suxaqoad 6oxeup joj asaqq 30 qoea 'I axqej, ut Mojaq 
paqsjx ajp suoTqonjqsuoo ojiyoads aqj, -AqTATqop 10 sxaAax 
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Example 11 
Preparation of an FGF Antagonist 
by N-terminal Deletion 
j^L / ^he blunted Ndel -Hindi 1 1 FGF fragment from 
5 pUC^delH3-PTSF-3 was subcloned into the Smal-Hindlll site 
of M13mpl8. An oligo was used to introduce a new Ndel 
site in the FGF v \molecule at amino acid 25 using in vitro 
mutagenesis. The^ new Ndel site serves as both a new 
restriction site rX^r subcloning the FGF fragment and also 
10 as a new translational start site for the shortened form 
of FGF. The mutagenic oligo used has the sequence: 

5 ' -TTG GGT CTT TGANAGT GCA TAT GTG GGA AGG CAC CAG 

15 The shortened FGF was subcloned into pTSF- 

delbeta-gal for expression as an Ndel-Hindlll fragment and 
the resulting plasmid designated bFGF (2 5-155) . Protein 
sequence confirmed that the N-terminus of the protein is 
histidine. pTSF-delbeta-gal was constructed by digesting 

20 pTSFll with PvuII and EcoRI , thereby deleting ap- 
proximately one-half of the beta-gal promoter operator. 

The N-terminal deletion analog, bFGF (25-155) was 
purified by heparin-Sepharose chromatography as above. 
This analog exhibits agonist activity in the 3T3 mitogenic 

25 assay with an ED 5Q similar to that of bFGF. Although 

stimulation in the 3T3 assay peaks at approximately 1 ng/ 
ml for both wild type and bFGF( 25-155) the level of 
stimulation for the analog (determined in the absence of 
heparin) is not as great as observed for wild type bFGF. 

30 Thus, bFGF(25-155) displays characteristics of a partial 
agonist. In addition, concentrations of the bFGF{ 25-155) 
analog greater than 1 ng/ml result in apparent inhibition 
of activity; whereas for wild type bFGF, activity in the 
3T3 assay peaks at approximately 1 ng/ml and is not 

35 significantly reduced even at 1 ug/ml, the activity of 



lfm/1900-0089/25ap 




i 4oo-ooyy . ^b 

I CII:CIP6 
ATENT 



-63- 



bFGF ( 25-155 ) at 10 ng/ml is approximately 15% that for 
wild type bFGF and at 100 ng/ml, bFGF(25-155) essentially 
lacks activity. 



5 as determined by its ability, at concentrations of 1 ng/ml 
or greater, to inhibit the activity of wild type FGF in 
the absence of heparin. The activity elicited by 1 ng/ml 
wild type bFGF is reduced approximately 50% in the pres- 
ence of 1 ng/ml bFGF ( 25-155 ) , reduced approximately 75% in 

10 the presence of 10 ng/ml bFGF{ 25-155 ) , and reduced by more 
than 95% in the presence of 100 ng/ml bFGF ( 25-155 ) . That 
this inhibition is competitive is demonstrated by the 
shift in the ED 5Q for wild type bFGF observed in the pres- 
ence of bFGF(25-155) . The ED 5Q for wild type bFGF is less 

15 than 1 ng/ml in the absence of the analog bFGF (2 5-155) , 
approximately 10 ng/ml in the presence of 10 ng/ml 
bFGF(25-155) , and approximately 100 ng/ml in the presence 
of 100 ng/ml bFGF( 25-155 ) . These data suggest that 
bFGF( 25-155) binds the FGF receptor, probably with an af- 

20 finity similar to that of wild type FGF, but bFGF( 25-155) 
exhibits altered (reduced) activity. Thus, in the absence 
of heparin, the FGF analog bFGF( 25-155) is a competitive 
inhibitor of wild type FGF and is therefore an antagonist. 



25 demonstrated FGF antagonist activity, it retains partial 
agonist activity. In addition, the agonist activity of 
this analog is enhanced, and the antagonist activity 
inhibited, by the presence of heparin. Therefore it is 
desirable to make additional alterations in the sequence 

30 to further reduce the activity of the analog without 

significantly reducing its affinity for the FGF receptor. 
The reason for the reduced activity of bFGF ( 2 5-155 ) is not 
known, however, it is presumed that the integrity of the 
N-terminal segment of wild type FGF is necessary for full 

35 activity. Therefore it is possible that further deletions 



The FGF analog bFGF{ 25-155) is an FGF antagonist 



While the FGF analog bFGF{ 25-155) has 
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and/or amino acid substitutions in the N-terminal region 
exclusve of the receptor binding domain will further 
diminish activity without reducing receptor binding. For 
example, deletions in the region of amino acids 25 to 33 
5 may accomplish this end. Another approach would be to 

delete or alter amino acids in other, non-receptor binding 
domains such as amino acids 78-98 or 130-155. Finally, 
since the antagonist activity of this analog is inhibited 
by heparin, introducing substitutions which reduce heparin 
10 binding may reduce agonist activity and increase relative 
antagonist activity. These approaches may be used in 
combination and are considered within the scope of the 
present invention. 

15 Example 12 



conveniently used to produce the recombinant proteins in a 
20 variety of hosts, as set forth in 1IC.1 above. However, 
expression in mammalian systems is an alternative to 
bacterial expression as the mammalian host is capable of 
post translational processing analogous to that 
experienced by the natively produced protein. 
25 To construct the vectors, the cloned FGF- 

encoding analog is excised with EcoRI and Hindlll, 
provided with EcoRI or other appropriate linkers if neces- 
sary, and then inserted into an appropriate host vector 
such as pHSl or its derivatives as described below. 



35 inserted DNA in mammalian' hosts . It contains 840 bp of 



Construction of Expression Vectors and 
Stable Expression of FGF Analogs in Mammalian Cells 
The DNA sequences encoding FGF are most 



30 



Construction of Host Vectors 



pHSl 



The plasmid pHSl is suitable for expression of 
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the hMT-II sequence from p84H (Karin, M. , et al, Nature 
(1982) 299 : 297-802) which spans from the Hindlll site at 
position -765 of the hMT-II gene to the BamHI cleavage 
site at base +70. To construct pHSl, plasmid p84H was 
5 digested to completion with BamHI , treated with 

exonuclease BAL-31 to remove terminal nucleotides, and 
then digested with Hindi II. The desired 840 bp fragment 
was ligated into pUC8 (Vieira, J., et al, Gene (1982) 19: 
259-268 ) which had been opened with Hindlll and Hindi 

10 digestion. The ligation mixture was used to transform E . 
coli HB101 to Amp R , and one candidate plasmid, designated 
pHSl, was isolated and sequenced by dideoxy sequencing. 
pHSl contains the hMT-II control sequences upstream of a 
polylinker containing convenient restriction sites. 

15 The workable host plasmid pHSl can be further 

modified to contain additional control elements besides 
the metallothionein promoter. In particular, the enhancer 
elements of viral systems, such as SV40, can be included, 
as well as termination signals associated with the 3' 

20 untranslated regions of other proteins such as hGH. 

Viral Enhancer 

A pair of host expression vectors containing the 
SV4 0 enhancer in operable linkage to the MT-II promoter 

25 was constructed by inserting an 1120 bp SV40 DNA fragment 
into the Hindlll site preceding the MT-II promoter 
sequences in pHSl. The SV40 DNA fragment spans the SV40 
origin of replication and includes nucleotide 517 1 through 
nucleotide 5243 (at the origin), the duplicated 72 bp 

30 repeat from nucleotide 107-250, and continues through 

nucleotide 1046 on the side of the origin containing the 
5' end of late viral mRNAs . This Hindlll 1120 bp fragment 
is obtained from a Hindlll digest of SV40 DNA (Buchman, 
A.R., et al, DNA Tumor Viruses , 2d ed (J. Tooze, ed.), 

35 Cold Spring Harbor Laboratory, New York (1981), pp. 799- 
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841), and cloned into pBR322 for amplification. The clon- 
ing vector was cut with Hindlll, and the 1120 bp SV40 DNA 
fragment isolated by gel electrophoresis and ligated into 
Hindlll-digested, CIP-treated, pHSl. The resulting vec- 
5 tors, designated pHSl-SV(9) and pHSl-SV(lO), contain the 
fragment in opposite orientations preceding the MT-II 
promoter. In pHSl-SV(9), the enhancer is about 1600 bp 
from the 5' mRNA start site; in the opposite orientation 
it is approximately 980 bp from the 5' mRNA start site. 

10 Both orientations are operable, but the orientation 

wherein the enhancer sequences are proximal to the start 
site provides higher levels of expression. It is believed 
that deletions which place the enhancer 250-400 bp 
upstream of the transcription start are optimal. 

15 Additional vectors were constructed which place 

the SV40 enhancer 3' terminus 190 bp, 250 bp, and 360 bp 
respectively upstream from the 5' end of the MT promoter 
TATA box. The constructions were based on the mapping of 
the upstream regulatory regions of the human MT promoter 

20 described by Karin, M. , et al, Nature (1984) 308:513-519. 
All constructions retain the sequences containing the 
duplicated sites for regulation by heavy metals, but the 
constructions with the 190 bp and 250 bp separations do 
not retain the sequence for glucocorticoid regulation 

25 which is further upstream from these sites. 

These vectors, designated pHS'-SV190, pHS ' - 
SV250, and pHS'-SV360 are prepared as follows; all 
constructions are identical except for the length of 
sequence containing the metallothionein promoter and 

30 upstream region which is supplied as a fragment excised 
from pHSl. 

For pHS'-SV190, pHSl is digested with SacII, 
blunted, and ligated to Kpnl linkers. The DNA is then 
digested with EcoRI and Kpnl to liberate the appropriate 
35 portion of the MT-II control sequences. Similarly, for 
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pHS'-SV250, pHSl is digested with Hgal, blunted, ligated 
to Kpnl linkers and digested with EcoRI and Kpnl ; for 
pHS'-SV360, Ddel is used in the initial digestion. 

An intermediate vector containing the SV40 
5 enhancer is prepared by inserting the Hindlll/Kpnl frag- 
ment of SV40 (which extends from position 5171 to position 
294 and which contains the enhancer element 50 bp from the 
Kpnl site) into KpnI/Hindlll digested pUC19 to obtain pUC- 
SV. (pUC19 contains three convenient restriction sites in 

10 the polylinker region, in order, Hindlll, Kpnl, and 

EcoRI . ) The finished vectors are obtained by inserting 
the KpnI/EcoRI fragments prepared as described above into 
KpnI/EcoRI digested pUC-SV. 

All of the foregoing modified vectors, thus, 

15 take advantage of the SV40 enhancer element. Other viral 
enhancers could, of course, be used in an analogous man- 
ner , 

Transcription Termination Sequences 
20 To provide transcription termination control 

sequences, DNA representing the coding sequence and 3' 
untranslated sequence of human growth hormone was ligated 
into pHSl. The intermediate vector can provide the hGH 3' 
untranslated sequence to coding sequences subsequently 
25 ligated into the vector in place of the hGH coding 
sequence . 

The genomic sequences encoding hGH were isolated 
from p2.6-3 (DeNoto, et al, Nucleic Acids Res (1981) 
.19:3719) by digestion with BamHI , which cuts at the 5' end 
30 of the first exon, and EcoRI,' which cuts 3' of the 

functional gene, followed by polyacrylamide gel purifica- 
tion. The isolated fragment was ligated into BamHI /EcoRI 

digested pHSl and the ligation mixture transformed into E . 

p 

coli MC1061 to Amp . Successful transf ormants were 
35 screened by restriction analysis, and a strain containing 
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the desired plasmid, pMT-hGHg, was further propagated to 
prepare quantities of plasmid DNA. 

In a manner similar to that described above for 
constructing pHSl-SV(9) or pHSl-SV(lO), but substituting 
5 for pHSl, pMT-hGHg , a pair of vectors containing the hGH 
gene under the control of the MT promoter, and operably 
linked to SV40 enhancer, and designated, respectively, 
phGHg-SV(9) and phGHg-SV( 10 ) , were obtained. The ligation 
mixtures were used to transform E. coli 1061 to Amp , and 
10 the correct constructions verified. 

Construction of Expression Vectors 

phGHg-SV(lO) is then used as a host vector to 
accommodate the DNA sequences encoding any of the FGF 

15 analogs. phGHg-SV(lO) is digested with BamHI and Smal, 
blunted with Klenow, and treated with CIP to excise the 
hGH coding sequence. This opened vector is ligated to an 
Ndel (blunt) /Hindu I (blunt ) FGF analog fragment to obtain 
the desired expression vector pFGF-SV(lO). 

20 In addition, other host vectors may be used to 

obtain expression of these sequences, including pHSl and 
pHSl modified to contain the various configurations of SV 
enhancer as above described. Insertion is by analogous 
means, using BamHI /EcoRI digestion of the host vector. 

25 Also, DNA modified to encode any of the "long", "primary" 
or "short" forms of the acidic or basic FGF analogs may be 
employed. 

These vectors are generically designated pMT-FGF 
for the purposes of the discussion below. 

30 

Production of FGF by Mammalian Recombinants 

Chinese hamster ovary (CHO)-Kl cells are grown 
on medium composed of a 1:1 mixture of F12 medium and DME 
medium with 12% fetal calf serum. The competent cells are 
35 co- trans formed with pMT-FGF and pSV2:NE0 (Southern, P., et 
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al, J Mol Appl Genet (1982) 1: 327-341). pSV2:NE0 
contains a functional gene conferring resistance to the 
neomycin analog G418. In the transformation, 500 ng of 
pSV2-NE0 and 5 ug of pMT-FGF are applied to a 16 mm dish 
5 of cells in a calcium phosphate-DNA co-precipitate accord- 
ing to the protocol of Wigler, M. , et al, Cell (1979) 16.: 
777-785, with the inclusion of a two minute "shock" with 
15% glycerol after four hours of exposure to the DNA. A 
day later, the cells are subjected to 1 mg/ml G418 to 

10 provide a pool of G4 18-resistant colonies, which are as- 
sayed for FGF production and then can be cloned out. 

Successful transf ormants , also having a stable 
inheritance of pMT-FGF, are plated at low density for 
purification of clonal isolates. Small amounts of these 

15 isolates are grown in multi-well plates after exposure to 
10~ 4 M zinc chloride for convenient assay of FGF produc- 
tion. FGF determinations are made by standard ELISA or 
radio -immunoassays against the antisera prepared against 
the appropriate FGF protein analog using standard methods. 

20 Clonal isolates which produce large amounts of the desired 
FGF analogs are selected. 

The cells, which have been shown to produce FGF 
analogs under suitable conditions, are seeded at 1/10 
confluency in basal medium supplemented with 10% fetal 

25 calf serum, incubated overnight, and then induced for FGF 

production by addition of zinc chloride in the concentra- 

-4 -4 

tion range of 1 x 10 M to 3 x 10 M. FGF levels rise 

-4 

for 7-10 days, under optimal inducing conditions, 2 x 10 
M ZnCl 2 . 

30 If desired, the FGF" analog can be obtained from 

the lysed cells and purified according to the procedures 
set forth above for the native protein, or by other 
standard methods known in the art. 

In addition, as discussed above, secretion of 

35 the FGF protein analogs produced by the foregoing 
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constructs can be achieved by exocytosis initiated by a 
calcium ionophore or other suitable stimulant. While it 
is not expected that proteins produced by CHO cells, 
specifically, would be released by LPS or phorbol ester 
5 stimulation, for example, by substituting for CHO cells, 
cell lines derived from macrophage as recombinant hosts, 
such secretion can be effected. Also, by altering the 
construction so as to provide a signal sequence secretion 
using the normal constitutive pathways could also be ef- 
10 fected using CHO or other mammalian cell hosts. Effecting 
secretion has some advantages, of course, since the 
protein purification task becomes much simpler. 



15 deposited with the American Type Culture Collection 
(ATCC), Rockville, MD, USA, the lambda phage lamdaBB2 
which was assigned ATCC accession number 40196. On or 
before 12 September 1986, conditions of deposit for 
lambdaBB2 (ATCC 40196) was converted to conform to those 

20 specified under the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms (Budapest 
Treaty) . Availability of the deposited strain is not to 
be construed as a license to practice the invention in 
contravention of the rights granted under the authority of 

25 any government in accordance with its patent laws. 



On or before 9 September 19 85, Applicants 



30 



35 
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